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Thirty-eight healthy volunteees wiv opcied parabicl to a majar
waflbe corridar far 20 min {mean UFF concentration 29 = 10° par-
ticles con”") experienced 3 minor increase in blood inflasmmatory
«cell distribution compared to oychng in a clean air eavironment,
although the role of UFPs as distinot from Phzs was not chear
(acobs et a. 2019}, UFP and EC exposure in 12 Bealthy nan

- smoking aydling in LEF 28
to 4t x 10° particlesem ™) for 1 h was weakdy associated with
ariste effecrs; decreased lung function 2nd increased exhaled NO
(as 3 marker of drway inflammation) were observed 6 b post-

b ot al., 2040]. Oxidati d observed in 15
heaithy sulrects was pus:u'my comelated with comulative UFP
expasure, to which 1.5 b of ryvl:rg dmmx rush bowrs (mean UFF

jon 3.2 1% ')

and resulted ip greates damage compared 1o indoot cycling en an
ergometer (Vinzents o al, 2005) Concentrations of othe: pollit-
anes (PMps, NO,, C0} measured a2 fixed-sites wece not associated
with oxicative DNA damage.

UFP exposore resulted in medest effects among 34 healthy ©

subjects that comemuted by autamobile, bus or bicyele for 2h
. (median UFP concentration 2.7 to 4.4 » 10° particles em =) peak
expiratory fow decreassd slightly and airway resistance increased
immediately following exposure, and a significant incease in
exbaled NO was observed 6 b post-exposure for automaobile and
bus bt ot et al, 2000
As the respiratary minute ventilation of cycisss is 2-4.5 times
that of autamabite and bus passengers (Zuurbier ef al, 2000; It
Fanis et al, 2010), the patential dose of inhaled UFPs received
during active transport may be dznificantly higher than that in
noni-active modes, and recent health effects stedies have already
begun w adopt a moe dose-oremted approach to reflect this
(Zurbier et &l 2011}

82, Hraith-compromised individuals

B2 Asthmatics

Asthna exacerbations can be iriggered due to oaddative stress

and .nl’hmmarlm catssed by UFPS in the lungs of susceptible

et al, 2007). in huegg functien

and increased Caily symptoms ia asthmatics and COFD patients

attributable to elevated UFP concentiations have been obierved in

+ epldemiologic stdies, with mose immediate effects seen first in

the respiratory system, and a delayed response of cardsovascular
elfects {Wichmann and Peters. 2000; ibakd-Mulli ot al, 2002)

Consistent asymptomatic reductions In lung fanction (FEVy,
FVC) and increases in both inflammarary blomarkers and airway
addification were observed in 60 persons with méd or modesate
aslhma vt walioed for 2 n.ﬂmga bns,rlnmim street affected }4.

4 10% ]
- {McCreanor et ak, 2007). The effects were mere Fequently associ-
ated with UFP and EC concentrations than those: of Phzs and Niy
Significantly reduced resplestory effects were observed when
subjects walked along a route bess affected by traffic emissions
[median UFP concentration 18 = 10° particles cm ™}

Fousteen mild asthmatics exposed o road tunael air (medaan
UFP concentration 23 x 10° partiches cm™") for 2h while abter-
nating between mumn; o a bor.)v:c eagoineier and resting

nd most lung
Tt Ithough peak expi Powe and

trips made by 21 (ype 2 diabetics was shown 1o elicl a decrease’in
bigh-frequeney heart pate vasiability the day after exposire, whith
war mare atsoriated with the interquartile range of UFP concen-
traucn compared (o th Phgs. MOz and €O, albeit not signif-
icantiy {Laumbach et al, 2000} An increased low frequency to high
frequency heartrate variabiliny ratio was observed imuediztely
podt-exposure that was nat consistent with other absenvarions,
althcugh confounding effecs not present in the alorementicned
firnding may have influenced this result,

823, Etderly perns

Nineteen elderly subjects that were exposéd to unfiltered and

filteres air during 2 h atomebile wips on Los Angebes fivewdys

{mean unfitersd UFP concentration 078 te L1 % 307 pasti-

clescm™) experienced a 20% decrease In the Incidence of amial

ectapic beartheats and 30% decease i cardiopumonary. stress
under the Bltesed Jiotheuofil

(Casclo e al. 2009: Hinds, T010) Other measured paramesers {lung ©

function, indicatens of iaflammation, blood pressare) did not vany
signdficanaly between the two conditions. The abserved atridl

sribed lal pressure, and was
asspciated with UFP concentrations sather than gases or panicle
mags (Cascio et al. 2009; Hinds et al. 2010} The sigrificance of
sarh events is related o their role In causing more sustained
srrhythmias,

83, Summary

Commute-lime exposure ta trafic and attendant pollutant

emissons, uoise and stress has been associated wirh increased nisk

of seriovs adverse heakh cflects such as myocardial’ iafazenon
(Peters.et al, 2004} The specific roe of UFFs as 2 cousative sgent of
such effects [s not clear, and the findiags of the limited nember of
health effects studics addressing commanter expature tn vehicle
emissions are mived. However, some initial Urends ane emerghig.
‘While it is inherently difficul: to separate the effects of UFPs from
thase cther pollutanes within the real-world exposure scenaiios
emplayed by the studes described abave, the ebserved health
efiects were generzlly associaned most strangly with UPF concen-
‘wations, Furthermaore, tee use of flleied air expossie scenarios in
the Los Angeles freeway stody (Cascio et al, 2005; Minds, g}
reduced particie cencentmtion by >85% compared 1o the inBlieced
condition but did not affect the level of gaseous pollutants, yet
there was 2 marked diffesence in the cardiac effects observed
between the two scenarios. The effects observed by McCreanor
e al (2007) wete greaier in those with moderate compared o
mild asthma, and the degree to which this is true of other
ausceptible groups {ie. increasing efects with inceasing disease
severity] i unclear. The 10 commuter health effects studies per-
formed to-date have yielded valable informathon. however, It is
clear that further studies are required in order 1o better elucidate
the role of UFPs.

o Modelling exposure
a1 Approsches emnployed to-date

The ability to acourately model in-rransit UFF esposure
has numerous attractive applications in ucban

mlaes indicariens of inflammation were measared in nasal lvages,
bust ot blood samples (Larsson ct al, 2000}

822, Digbetics
Exposure o pollutants
43 % 10* particles cm ™) during 15

(median UFP  comcentration
16 h autcmobile highway

planning, transport and policy development. The majority of pub-
liched stucies thar deveboped modeis employed a multivariate
regression approach that incorporated metearologic, traffic

ather pellutants as irdependect variables (Krausse and
Mardaljevic, 2005, Vingants et al. 200%; Weichenthil ef L 2008:
Boogaard et al, 2009; Kaur and Nieuwenhuiisen. 2009) Given

the potential for variability in e h
the independent variables and measurrd UFP concentrations. dl;—
cussed in sections 5, the external validity of these modsis is

Hatii of LUR when applied to UFF cancentra-

tions in Amsterdam, and comparable predictive utility was
observed beswesn the LUR model for UFPs and these for other

unkncwn. However, the models were of the expl type, and

©t al. 2001} LUR s an emerging technoiory that

were developed in order to assess the effect of vasious
on UFP conceritration measured in 2 specilic location. Their abilisy
1o predict ir?mm- concentrations vared from Far (F? = 0.35) w
very good (R = 0.75). The Influence of made-Cependert parame
wers like were either incladed in a
wentilatinn setting or window position) or oot inchuded =la|L ﬂu;
limitation was ralsed by both Briges et al {2002) and Wexhenthal
et al. [2008)

Several recent studies (Pui et 2L, 2008:; Xu and Zhe, 200%;
Kribhs et al, 2010} have smaﬁl to overcome the leitations

will i ingly fincd app in prediction ¢f persanal expo-
sure to a range of pollitants, albeit with an attendant need for
walidation hased on measurements {Hoek et al. 2008, This high-
lights the need for high-quality databases of concomitant in-transit
UFF apd spatial measurements.

0. Further rescarch needs

101 mm comeritndifi to daty dposure

described above by adopting a bal.
modelling approach for aulumobelcs. This has Inm based on

of the effects of cabin Rltrazion, particle
ion or deposition on in-cabin (0 et al,
2008; Gong et ab, 2009 Knibbs er al, 2000a; Nu et a1, 2010)
These studies have geaerally shown very good results when vali-
dated with experimental date. The man Hmiation. of such
approaches is that they require the input of an initial va-rosd orin-
calbin UFP concentration. Therelore, there is a clear need o couple
models capable of predicling outdoor or on-road congentrations
with those ferussed on predicting what proportion of these
concentraticns reach ocoupants, and how particle dynamics will
affect (nmf.ew-mwu through time. Moreover, fusther refinement
ill e

The of in-transit UFP expasure is highly dependent
an personal, demographic and socupational context. UFP concen-
trations i th toand fie rh will exert
much greater Influence oo the total dilly exposere of & nen

king offi rker ker or someone i

high comupational exposure. Likewlse, the health effects of the
same eApotare on an-adult and culd are likely 1 vary. Without
better {24 h UFP

numerous demographic groups, knowledge of in-transit exposure
alone iz of redured wiility: However, it is useful to be able to
determine, for a given location, the ansport mode in which
highest concentrations seeur and the facters that detesmine this
Such information has. numercus vahiable r{];m&r.g end palicy

of models for predict inaesive

of sij . I summan y, ther tial need and
scope for developmens of models capabls of securate prediction of
UFF exposure concentrations in-rransit

2. Spaticl and tempar! espects of eeposure

Efforts to imprave understanding of the spatial and temporal
rature of UFF exposures during transit have benebited greatly lram
the use of Glabal Positioning Systems [GPS) and Geographic

A handful of studies have estimated the influsace of measured
in-autcmasbile UIT concentratsons on total exposure. Two were
bascd o0 Los Angeles residents (2hu et sl 2007; Fruin etal, 2008),
and their estimates ranged fram 10 1o 50% and 33 wo 45%, respec-
tvely. Wallice and Out (2011} measured UFP concentrations in
2 wide range of mlerecnvisonments in twa US citbes and estimared
the in-autemebile contribution o ot exposure to be 175, which
they attributed 1 the relatively low density of traific and diesel
mns:s o the readways they messured cumpirm to LA n 4l cassh,

Informatian Systems (CI5), wsually at the and
Cultiver and Briggs

the development and use of a GlS-hased model far predicting

expasure b0 Py (pastiches < 10 gm) during transic, var:r

da)c'naq anlu;abuly af the estimates lnc.lm dee:r ﬂu:hps o

u:md- autamabile commutss in urb:n areas may be expected to

application of spatial trchiologies to UFPs b

to 3 handful of in-transit studies (Hyidberg, 2006; Thai et al., 2048;
Berghmans ot al. 2009; Boogaard et al, 2008; Pattinson, 2009; ng
Panls et al, 2000). Synchronised video recordings luve beea

to dalty UFP expasure, These estimates have flagged this
Ropic as one Tequining further investigation, preferably induding
several transport moges,

It s impor.am to consider the distinction between UFP

(Kaureral. 2006 20031
which affords - 1

and expasure {(Krausse and Mardaljevic, 2005) A

pecfarmed.

h for a briel duration can result in
a lawer exposure than 3 kw cancentration fot a bonger period. This

d lewel of
the more basic mobile telephanes at preseat, the integration of
sln(h dats into expasure iu.ldics w‘dlaulﬁ data interpretation and
of pellutant
apr.sum and dase for lame mm populations [Jerett, 2010). The
appropriateness and capabliity of mobile telephones to record
spatiz] data and photographs during com has already been
established by Pocley et al. (2010), and Pattiasue, {2009) coltected
such dasa in addition to UFP measurements when commuting by
bicycke,
Land use regression (LUR) is an application of GIS that is gaining
i with which ra predi o o avariety of
pollutants (see Heek et ak, 20081 The wrility of LUR technigues 1o
predict LFP concentrations and spatial varfability iz not well-
established due 1o absence n(exnemwr: UFF mm:mng networks;

the need for buﬂl accurate time-activity pattern data
across broad d proups and rep U
measurEments within the various microenviranments in which
dme s spent. Until mare expansive LUEP exposure studies ) that
follaw large groups of people of varying Gme-activity patterns are
compieted, the ability to discem the range of commute-time's
specific contiibution to ol expasore is constrained.

102, High expasurs prafessions

The magnitude of UFP exposures incurred by people whese
cecapation requizes them o spend extended period in-transit is
poutly understood. Professional drivers, blcyele coursers, polics
officers and othsr groups whose wark day is constinuted by long
periads in transpoct microenvienments may all be ar risk af

;m’romm! to-date. However, a recent smdy has u.'pmﬂi

#levated exposure compared m the guu:nl pap
ulation. Reediver etal. |
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In-wehicle PMys exposure on young and healthy police officers
during & b shifes in patral cars. Similar studies focussedd towards.
UFFs are tequited.

103 Expesure-heaith effects link

Varsous acute uman health effects caused by UTF exposures

ararge

time spens in-rmansit is strongly dependent o a fange of mode-
specific and mode general determinants, Mrlunﬁng_hntmhn.md
o, the effects of. waflic calby
Flracion, deposition, UFP peretration. fud type. exhaust reatment
i rimte route snd micrescele
phenomens. Therefore, direct comparison of concentratioas
measured in different medes highlights general trends, but should
not be witheut detaled consideration of the above

factors. Cl the variability in the effects of these deter

af subject groups. However. thelr relevance 1o is it
is unclear. There have been mlnusfewmnim that measused the
effects of i and

described in section 8 There is 2 significant need for further studies
in his area, 28 thiy witl serve to bolster the link between exposure
and health effects, 2nd this will have |mpbmim acrons pelicy,
20100 Furthermese, given the umun. varighifity in minute
ventilation between accupants of diferent modes (Zuurbles o7 al,

2009: Int Pands et al, 2010). the transiticn from an exposure w
dese-griented approach is Lkely to yeld data of greater relevance
to studies af health effects.

104, Duca from the developing worid

A striking f:alumonhe English linguage meummscatdm
i the almast ompl - oF studies 7 ind
regians; with the exception of galy the cycling mdywdomd in
Begota. Columbia by Fanara {2003) and cited by Xaur et al. (2007)
no other studies from developing cosntries were identified. Thes
shomeoming is compounded by the generaily poor air quality
experienced in these regions [Han and Naeher, 2006) and their
Jazge populativns and wrban density. The elfect of this combiraton
of Factors s that very high UFP exposures are Dkely to occur for
large numbers of people, but the magnitude af such exposures is
unknawn. Srudies of commuter expesure fo parmiculate mass (RSP,
M) performed in Delha and Hanei have reported exceptionally
high concentrations (Saksena et al, 2007, 2008) Morecwes, in
addlition to walking. the most pogtelar modes of transpart, sueh as
bicycles, sconters, motorcycles and 3-wheelers (uk-tuks, suto-
rickshaw etcl. are snlikely to afford significant protection from the
emissiens of proadmate traffic, which can inclode a substantial
propostion of high emirting two-sioke vehickes. There s & chear
nesd o redress the seancity of research in this area.

0.5, Qufeer needs

Majoc needs in fuuture in-transit UFP expasuce stedies have been
ouitined above. and aumerous other 2spects sequining additional
reseacch have been suggested throughout this review. Further

of

mirants will be an important aspect of future wack.

There is preliminary evidence to suggest that time spent in-
translt can contribute substantially to tetal daily exposure, and
Future studies require comprehentive assessment of 24h UFP
exposures acrost & broad demographic specmam, Moreover, the
mnge and varlability of acute health effect assoclated varh in-
transt exposures are not well understocd, and further studies are
required o supplement the findings of the limited number per-
Tarmed to-dase.

Transpodt i of Lfe. ad irdti
suggests that UFP exposures incumred during this time can
contribiste substantially to daily exposure and be sssociated with
adverze health effects b susceptible and healthy persars, Furtber
research to better define this link is therefore well justified, and
will be of considerabls benefit te urban planaing. palicy develop-
ment and public health,
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Abstract

Mator velicle emissions usually constitute the most significant sovree of ulimafine particles (diameser <01 jem) in an
urban :nwronmcr.l Zhu et &l (J. Air Waste Manag& Assoe, 202, socepied for publication) eonducted systematic

nnd size
gasoline veliche. T!\: presenl stedy comparss these

ul witrafine parteles m the vicinity of u kighway dominated by
measurements with those made an Interstate 710 freeway in

Los Angcles. The 710 freeway was selecied because more thar 259 of the vehicles are heavy-duty diese] trucks. Particls
oumber concentration and sizs distribution in the size range from 6 to 220 nm were mensured by s condensation particls
counter and & sceaning mobility particle sizer, respectively. Measurernents were taken at 17, 20, 30, 90, 150, and 300m
downwind and 200m apwind from the center of the freeway. At esch sumpling Jocation, concentrations of earkon
monaxide ({0} and black carbon (BC) were also meararsd by a Dasibi OO um!ulor and an Asthalometer, respectively.,
The range of average concentration of CO, BC and total particle number cotezntration 2t 17m was 1.9-2 4 6ppm, 20,3
248 pgfm’, 1B = 10%3.5 % 10%en”, respectively. Relutive concentration. of CO, BC and paricle number decreased
expoceatially and tracked cach other well as onc moves away from the freewny. Both atmaspheric disparsion and
coaguiztion appeary (o conlribute 1o the rapid decreass in particle number concentration and change by particle sime
distribution with inerzasing distance from the freeway, Averzge traffic flow during the samgling periods was 12,150

vehicles/h with more than 25% of vehicles being heavy-duty diesel trcks, Ulirafine particle number concents

measured 4t 300 m downwind from the freeway was indistinguiskable from upwind baekground concentration. These
data may be used Lo cstimate exposure to uluafice particles in the vicinity of major highways,

2 2002 Elsevier Scisnce Led. All rights rescrved.

Feywords: Ultafine particies; Fresways; Dissel; Carban mananide; Black tarbon

1. Introduction

Epidemiclogical data from air pollution studies bave
shown a consistent relationship between increases in
particulale matter (PM) exposure and contemporary

*Comesponding autkar.
Email addeias: whinds@ucla.eds (W.C. Hinds).

imcreases [n mortality and morhidity (Schwartz, 195
Dockery st al, 1993; Pape et al,, 1935; Vedal, 1957),
Heraever, the underlying biclogical cansses of the bealth
elfects of PM exposure wnd the correct measurement
metric are unclzar, For example, it is not clear whethes
the mass concentration (Ostnsanya et al., 2001) or the
mumber concentration (Peters el al, 1997: Penttinen
et al., 2001} is most imperiant in causing these adverse

135223100205 - sce. front matter @3 2002 Elsevier Scisnce LA, All rights reserved,

PI 51352-2310(02)00354.0

[-405 IMPROVEMENT PROJECT

R1-GL-253

March 2015



APPENDIX R1 DRAFT EIR/EIS RESPONSE TO COMMENTS

FINAL ENVIRONMENTAL IMPACT REPORT/
ENVIRONMENTAL IMPACT STATEMENT

GL14 Continued

4324 Y. Zhu o &l | Aemorpharic Exvironment 38 (2002) 43234335

FM health effects. Currently, there are several hypoth-
525 used 10 explain the sssociation of PM and observed
adverse health effect. One argues that particle surface
contaminants, such as trangtion metal, contribuie
fowards il health (Fubini ¢ al, 1995, Gilmeur et al.,
1995), wherein the uitrafine particles are thought to act
28 vehicles for those contaminants, iitiating lecal hing
demage when the particles deposit on the epithelial
surfaces. Another hypothesis is that the physical
(llaraclgnsu:s (Ls numlm size, shape, aggregation
fucing health effects
(BErubs aﬂ msn F‘a-nrje shape and size a1e eritical
factor onnuulmg where the inheled particles deposit im
the various regions of human respiratory system by the
complex action of aerasol deposition mechanisms

(Hinds, 1959).
Recent studies have tuded that
ultrafice particles {diameter « IﬂOnm} ane more er-

Morawsks et al, (1999) measured the Borizomal and
veriscal profilks of submizrometer particulates (16-
€26 nen) near 3 major anerial route in the urban area
of Brisbaze, Avstralia. They found, with the exception

of measuremenis in dese proximity to the road {about -

15m), that the horizontal ground-level profile measure-
menis did ot show statistically sigrificant differences in
fine particle number concertration for up to Hm
distances awny from the cead. Hitchins €2 21, {2000)
examinsd the particle sire distribution and concentres
tiga in the sioe range from 13am o 20 pm at distances
from o road ranging from 15 to 375m a1 two sites in
Austraba. They conducted measurements under differ-
ent wind conditions and found that when the wind i3
biewing disecily from the road, the concentration of the
fine and vitrafine particles decayed to about half of their
waxiemin ot 2 distance of 100-150m from the road. Shi
et al (1'?99) lhmsn_rzd Jtlmhe pariicle numkf :on
at a busy

than Larger particles with the same chy

and at the same mass concentration (Ferin et ai 1950,
Oberdrsier, 1996, 2007; Donakizan er 21, 1998, J00;
Churg et al, 1999, Brown et al, 2000 Cuerrently,
hewever, only the mass concentration of PM < 10pmin
serodynamic dizmeter (PM,) and <2.5pm (PMy o) are
repulated. Information abowr whrafne particles is
usually not aveilable In fact, even though ultrafine
paricles represemt ever 80% of particlss in term of
number ico in an erban envi (Mar-
wwska et al, 1%98s,b), the kss numerous bul much
heavier particles of the ascumulation (0.1-2 pm) and
oarse (2,510 wm) medss dominats mass concenlraticn
measurameats. Thus, number copcentration, together
with the size distribution of nltrfine particles, is nesded
10 betler agsess ambient air quality aod its potentia!
health effects.,

Emission inventaries suggest that motor vehicles are
the primary direct emission sources of fine and ultrafine
particles o the mmosphere in urban areas (Schaust
et al, 1956; Shi et al, 199% Hitching et al, 20060
Altheugh tzaffic-related air pollelion ir urban enviroo-
ments bus been of increasing concem, most studies have
foctised on paseous pollutants, total mass concentration,
or chemical of p
(Kubler e gl 1994; Clairbom |:l al l995 \'-ﬂku:m

at nearby wrnan background sites in mnnmgham
Unitsd Kirgdomy. They observed a faster decline of
partick numlxT concentration 1han mass concentration
In a tecent study, Shier al. (2000) repoated that the
Traction of particles < 18 om represeats mors than shout
0% of the total partels number concentrations at 4
and 23m from the roadsde curb,

While there have been jecemtl studies of ultrafine
perticiss from trafhc in edher countries, except for, Zha
et al, (2002), no comparable work has been done in the
Los Angebes basin, a home to more than 15 million
individuals and 100 million vehicles contribating to daily
traffic. Previous studies have shown that melmwlo;u:a'

may affest subs ly the

PM emitlied fromm vehacles, Kirelson et al, (2001) [oul:d
in their en-road PM measurements that the concentra-
tion of particles in the nuclei mode increases by nearly 2
factor of 10 as the (sir) lemperature is reduced from
25'Cto 15°C. This observanion sugpests that thers could
be sipnificant differences in the tendency 1o form emi-
valatile nacoparticles between, for example, worthern
Europe &ad Souther Califomia .

Zhu el al. (2002) conducted 2 systemiatic ubtrafine
particle study nexs oue of the busiest freeways in the Los
Angeles basia, Interstate 405 Traffic on tha: fresway

and MeCrae, 1995, Janssen et al, 1997; R
et al, 19%8a,b; Wrobel et al, 2000). Booker f‘997;
found that particle number concentration was strongly
correlated with vehicle traffic while PM,, was esscntially
wncorrelatzd with traffic. Sincz the majority of particle
vumber from vehicle exhanst are in the size range 20—
130nm for diesel engines (Mnuusim et al, 19982, b)
and 20-60nm lor sasohr. engine: (Rlilu\.s.h et al,

was by g d cars aed light
trecks, with <5% of NJ:::I:! being heavy-duty diesel
trecks. In the US, spask ignition vehicles uscally
zceounl for most ul’ihc vehicles operating on highways:
However, sinee diesel vehicles emit mare PM ca a et
averaged, gram-per-vehicle mile mass basis (Kittelson
et al, 2001}, and that diesel engine exhoust has bocn
propumﬂ @t carcinogen in animals and probably

1598), itis d necessary ily ultrafine

@
par jon Ia\nls. and to determine wheafne parti-

cle behavior afier emission as they are ireasposted away
from the emission scurce—busy roads 2ed fresways.

for humans (IARC, 1985), it s necessary
and :mlr to conduct & comprehensive study of
ultrafine partices in the vicinity of a diess] vehicle
dominated freeway. Thos, the 2im of the present paper is
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o systematizally evaluate ulirafine pasticles in the
vicinity of the 710 fresway in the Los Angelss basin, a
frecway where more than 25% of vehides are heavy-
duty dissel trucks. Paniele oumber concentration and
size distribation in the size range from 6 to 220 nm are
mensured along witk CO and tlack carbon {BC) as a
function of distances upwind and dowmwind the 710
freeway. The results from the current study are
compared o these by Zhu et al {2002) which were
obtained nezr the 405 frecway.

2. Experimestal
2.1 Deseription of saenpling site

This swudy was corducted in the City of Dovmey
alonp Southern Avense belween 30 Awgust and 27
Otober 2001 The location was chosen for its proximity
o the frecwsy and the lack of other paarby oltrafine
particle emistion sourees. Sowthern Avense is located
perpeudicular 1o Interstate 710 Freeway and Garficld
Avenue near the Los Amigos Coontry Club, Fresway
Ti0 rune penerally north and soath near the smpling
site and parallels the Los Angsles River.

This location s ieal for this study for several reasons.
First, there ase no other major rordways near the
sampling sites along Southern Avemue. Second, busi-
nesses along Southern Avenoe generally have larpe open
land areas with litthe activities during the day. Ths,
there is minimal local traffic influence at the sampling
locations. Third, the freeway is at the same clevation as
Southem Avenue. The only scparation between the
frogway und Southern Avenue is 2 metal chain link fence
along the frecway. This allowed as close

2.1 Sampling and instrumentation

Wied speed d9d direction were méasared 4t n fixed
site 6m above the ground lovel 20m downwind of 710
freewzy, which also served as a panicle number
concentration control site. Wind daln were averaged
over Imin intervals and bogged mio a computerized
weather stalion (Wizard 111, Weather Systems Com
paay, San Jose, CA). Throughout each mesurement
period, the traffle strength on the frecway, defined as
uumber of vehicles pussing per minute, was contimously
momitored by & video recorder (camcorder), which
caplures all eipht lapes of (ke frecway. After each
sampling session, the videotapes were replayed and
traffic density counted mamvally. Three I-min samples
were randomly selected from each |0-min interval. Cars,
Eght trucks, and heavyduty trucks were counted
separsiely Lo pstimate the taffic demsity by wype of
vedicle.

Farticl pmmber concentration and size distribution in
the size range from 6 to 2M0nm were measared by @
condensation particle counter (CPC 30224; TSI Ine., St,
Panl, MN] and a scanring mobility particle sizer (5MPS
3936, TS loc., Si. Panl, MN). The sampling flow rase of
the SMPS was adjnsud to L3lpm in order 10 measure
partiches as low a3 Gnm as well as 1o minimize the
diffusion losses of ultrafine particles during sampling.
Flexible, conductive tubing (Part 3001940, TSI Inc., 51
Paul, MN) was used for sampling to avoid particle losses
due to elecirastatic forces. The sizing eccurscy of the
SMPS was verified in the laboratery by means of
monodisperse polystyrens [atex spheres (PSL, Poly-
sciences Ine., Warrington, PA). Data reduction and
ana!ym of the SMPS output was doee by the Acrosed
Manzger software (version 4.0, TSI Inc., 51

as 3m from the edge of the ficoway. Fourth, & nearky
residential area approximately 200m upwind from the
freeway was canly accessible for sampling.

During the smmpling period, a fairly consistent
eastward wind déveloped cach day sarting at approxi-
mately 11200 AM. This wind caried the fresway
vehicalar emissions directly to the smpling location.
The 710 freeway bas cight lanes, four notih bound and
four south bound. It i approximately 26m wide
inciuding a i-m-wide median strip. sile

Paul, MN). Measurensents were aken at 17, 20, 30, 90,
150, and 300m downwird and 200m upwind from the
venter of the freeway T10. At each locstion, three size
disinbulion samples were tuken in sequence with the
SMPS. Scanniog time for cech was 1505,

In eddition to size distribution 2nd the totol pumber
coneeniration, the concentrations of BC and carbon
manonide {CO), were monitored simuitaneously at each
samphns location. Before cach Mﬂhmm seszion, all

were lime h . Diia were aver.

locations for this study were designated by their distance
from the ceater of the median sirip. Thus, the distance
from cach sampling location to the nearest sraffic lune i
13m less than the indicated distance.

Freeway 710 @5 u major truck route in \-mnlm

aged after collestion over the tme pennd.s comspond-

ing to the scanning mtervals of the SMPS. A Dual Beam
Acthalometer {(Model AE-20, Andersen Model RTAA.
904, Andersen Instruments Inc., Smyma, GA) was used
o measare the BC concentrations every Smin, Con-

California with a large p ¢ of the traff

heavy-duty diesel trucks. During the sampling pmud.
wraffic density ranged from 180 to 230 vehiclesimin
passing the sampling site, total for both directions, with
upproximately 25% of the vehicles being heavy diesel
trucks,

of OO were messnred by & pear-continuous
CO meniter (Desbi Modsl 3008, Envirormental O “arp.,
Glendalke, CA) every minute. The OO monilor was
ra.mfawd By means of standard CO gas (RAE systems
Inc., Suanyvale, CA) in the laberatory and auiomat-
cally zeroed cach tims the power wes tumned on
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Electric power for the coatrol site CPC and Weather
Station was oblained by an extension cord to a neasby
offic. Electric power for other sampling instroments at
the sampbug locations was supplied by a 12KW
gasoline-powesed  portable power penerater (Model
EU 10005, Honda Moter Co., LTD., Tokyo, Japan).
The geneatar was placed approximately S0m down-
wind of each sampling location. Both total particle
number and CO concentrations were mensured at the
control site with the generator tumed on and with it
turred off. No detectabls difference was ohserved

Table 1 gives the sampling dates and times znd
surmmariees the instruinents that were used on cach date.
The weatker station and cortral CPC were placed al the
20 m downwing contrel site and sampled throughout the
sampling peried each day. All other eppliceble insiru-
ments were moved together and sampled simultancoudy
at sach zampling bocation. Bt takes about 10min 1o
complete sampling at each location and 120min 1o
complewe a set, all six Jocaltons. Three to four sets were
performed on sach sampling date

3. Resairs and discussion

“The resulis presented below inclade measurements of
total partichs number concentrations by a cantrol CPC,
wind velecity by @ Weather Wizard JI, both positioned
at a fixed locatson 20m downwind of the freeway; and
O, BC concemiration, and wlerafine particles size
distribetions vpwind and at six downwind distances
from freeway 710,

3.1 Wond effecis

Changes in wind condilions have been reported o
modify dramatically the pattern of total particle number
concentration versus distances from a major road
(Hitchins et al, 20000, Consistency in wind speed and
darecison allows data from diflerent days to be averaged
together (Zhu et al, 2002}, Wind speed and dirsction
were mesared, averaged and logged over every lmin
interval throughout cach samphing pesiod, One hucdied

Table |
Sampling dates, time and insinaments wied

wind data points were randomly sclected out of more
than 5000 observations feom ali the sampling dates and
plotted in Fig. 1. The orientation of freeway 710 and the -
sanipling road, Southern Avenue, are alia shown in the
Fig I The Weather Wizard 11 instrenent recorded
wind direction at a 225 interval (e g. 11.25* on either
side of N, MNE, etc) and wind speed 2304 or B.5m)s
inervals, In the figure, duplicate chesrvanoms were
spread out slightly in both directions to better Hdlustrate
how strong the wind was und how ofien the wind came
from certain disections. Based on all 54 ohservations, ©
the percent of sumpling tme that the wind came from
each 2257 segment is also shown in Fig. 1. As shown in

Fig. 1. about §0% of the time, the wind was coming ©

directly from e freeway towards the sampling road
with a speed <3my/s. The consistency of chserved wind
direction and speed is o result of a gererally Jow synoplic
wind velocitics and a consistent se2 breere in the
samplig area. )

In this study, we found that not only wind direction,
but ako wird spesd, ployed an imporiant role in
delermining the characteristics of ult-afice particles peas
the 700 freeway, simiar 1o the observations made by
Zhu et al. (2002} pear the 405 frecway. However the
pattern of tolal paricle mumber coacentrations as a
Tunction of wird spead is somewhat different for the two
studies. Fig 2 thows total particle number concentra
tions sacasured by the contrel CPC, located 20m
dowrwind of the 710 frecway vorsus wind speed.
Averaged doa for the 405 freeway from Zhu et al
(2002} wre also ploted for comparison. The CPC was
programmed 1o archive averaged lotal particl pumber
couceatrations at L-min interval in synchronization with
the avensging time of the metsorelogical data. Omly
wind data within +22.5° of nonmal to the freeway was
used in this Sgure which zcocounts for mere than £0% of

L the tolal obsrvations. The differeces between the

abzolits value of total panicde pumber concestration
i% due in pan 10 the difference in the sampling distance.
The contrel CPC was located 20m downwind from the

70 froeway but 30m from the 405 freeway. Assumivg

the fitted exponential decay charecleristics of wltrafing
pacticles hobds right to the edge of the frecway, it 1s thus

- SMPS ©0 neaitor

Date Time Weathe: Wiz Acthlomerer
/301 $000-1530 *® * » *

o950 1030~ 1600 ® *

09/21,0 10001500 * % = x

09250 10E30-16:00 * * * =

10501 10:30- 16:00 x = ® %

102408 10001530 * * x .
1073000 10001530 % *

GL14 Continued
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Fig- 2. Total pasticle musber coscintralion measared by CPC located a1 20m dowmwind from fecoway 700 versus wind speed. Bars

nidate one slandard deviatlon.

mol surpnsing, a3 discussed below, that the CPC will
read a greater total particle number concentration ut
20m in the present s1udy than at 3m is that by Zhu
et al. (2002}, givea smilar traffic load on both frecways,
Hewever, the relative particle namber concentration as
fanction of wind speed are somewhat different in these
wo studies. The relative particls number concentration

deercased as the wind speed increased mear the 405
frecway. In conmtrast, particle nomber concentration in
the 710 freewny first increascs, reaches & meximum
around 1.5mfs, and then decreasss, There is no obvious
explanation for the observed difference. In both stediss,
duta showed large ervor boss, 2nd the data of bow wind
speed (« Lis) were very limited. In addition, the 205
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frezway s elevated zpprozimately 4.5m above the
surrounding ferrain, while, the 710 frecway is at ground
fevel, the same as the sampking location. Lower speed
wind would be expected 1o cause ks atmospheric
dilution, amd thus lead to greater particls numbes
<coRcentTations, as Zhu et al, (2002) reported. However,
an extremely low wind spesds, it would take a
considerably longer time for the wind to carry particles
¢ e sampling port of the CPC, which gives ultrafine
particles more time to coagulate with gither themselves
or with larger particks, a phenomenan that would
decrense the total partcle number concentration, This

* may partially exphain the observed “n” shape curve in
the current Audy.

2.2 Traffic effecis

The: portion of [recway 710 passing through the City
of Downcy is & major truck shipping routs. The average
traffic volume per hour during the measurement period
was: 8730 cars, 870 light trucks, 2580 heavy trucks, and
T208D total vehicles. It i apparent from these numbers
that dicse] emission wvehicles on the U0 frecway
mepresent about 30% of wehicles while on the 405
freeway they mepresent <% (Zhu et al, 2002). Fi
comparzs the traffic volume on both the 2035 and the 710
freeways. Error bars repressnt one standard deviation. It
i3 seem that the 710 freeway has abont 7 times as many
diesel vebiches and 0% of gascline vehicies as the 405
freeway, The total vebiclz numbers on both froeways are
quite similer 12,180 versus 13,3007k for the 405 frecway.

Zbw et al. (2002) seporied that ¢ traffic dowdown an
Treeway $05 was associated with a drop in tatal particie

300

number concentraton indicating thet fower witrafine
pariisies arc emitted during such events. In this study,
the traffic speed on the 710 fresway stayed constint
through owt the sampling period. Mo traffic dow down
was obszrved. The difference in the variatslity of wraffic
valume on both freewnys is indicated by the error barsin

Fig. .
Zhw et al., (2002) reported that both wind speéd and
traffic density affected the chasacteristics of ultzafine

pasticles near the 405 freeway, and the control CPC
rospanded to thess effects reasomably well Thus,
subseguent data for whtralloe pasticle acalysie at
inczeasing distances from the frocway were all normal-
ized 10 the control CPC's reading. An everage CPC
reading, Cy, was obtained based oo 2l the measare-
ments. In Figs. 4-6, number concentration and sise
distribution data were scabed to Ty by divding cach
measurement by the ratio of CPC reading for the pericd
of measurement to Ty, '

1.3, Change in witrafine perticle sive distriburion witk
inereaging disience

Fig. 4 deplets vitrafine particle size distributions at 17,
20, 30, 90, 150 and 300 m dowawind and 300m apwied
of freeway TH0 The size distibutions are smoothed and
shawn together with comman scales for both axes. The

rieositil axis represents pasticle size on a logarithmic
scale, while the wvertical sxis represents morealized
particle number concentration in the size @nge of 6-
220 o a5 measured by the SMPS. Dta were aviraged
for all apphcable sampling dates for each distance from
the freeway, As shown in Fig 4, ultrafine particls size

f——————
o0 mwm;.m!

Humbaor of VehiclesMn

Beavy-haty
Diesel Truck

Gasolios Vehicle Totad

Fig 3. Taaffie velume compariton for the 405 and 710 feeway. Bass isdicare one storderd deviation.

i

dMlogDp fom’y

tess

]

L am!
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L

106.220 e

[ [
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§

Diistance down wind from the T Beeway ()

Fip. 5. Normalized pasticle sumbe: concesiration for differsnt size ranges as a function of distarce from the 710 freeway.

distrivation changsd markediy and its number concen-
tration dropped drumstically with increasing distance,
At the nearest sampling location, 17m downwind from
the center of the, freewny, the dominanl mods was
around 10mm with & modal conceniration of mere than
3.2 10%fem”. This mode remained at 10nm for the
second sampling bocation, 20m. dowawind from the
froeway, but its concentration dropped to 2.4 x 10%cm’.
1t shified to larger size range and is concentration kept
decreasing for farther sampling locations. This mode
was nat observed at distance > 150m downwind from
the freeway. The dramatic decrense of panticle numbsr
concenlration in the size range around 10nm was likely

due to atmospberic dilution and severa] atmospheric
aerosel particls loss mechanisms that favor smali
particles, difluzen to surfaces, evaporation, and CORpE-
Estion. The smaller the particls, the greater its diffusion
coefficient and its Brownian motion. Particles of i0am
diffus= sbout $0 times faster than particles of 100nm
(Hinds, 1999). As partiele size gets smaller, the Kelvin
effect becomes more importent, making it easier for
mabkecules 1o leave the particie’s surface by evaporation
Ia addition, when two small pasticles collide due 10 (heir
Brownian motion (doagalate), they form a bigger
particle. Thus, ion reduces rumber

tions and shifts.the size distribution to larger sizes,
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Fig. 6. Comparison of ultraline particle number concectration a1 ¥ doawwring from 305 and 710 freeway. =
BC

. In Fig 4, the second made at 17m dewnwind from
the freeway was around 2nm with a coresntration of
1.5 % 10°fem®, This mods remeined at similar size range
and concentration for the next sampling location, 0m,
but shifted 1o 3nm ai 3m downwind from the

Based on Fig. 4, it & clear that schicleemitted
wltrafine particles of different size .ranges behave quile
differentdy in the atmosphese. Zho et gl {2002) showed
the decay of ubzafine particle pumber corcentrations i

four size ranges 6-25, 25-50. S0-100 acd 100-220n. N 710 Erecwary ([Hesel = 26%)
freiway, Tt is of particalar eote that, while the They found congulation played 2 significant role in g
concentration for the primary mode, 10sm mode, modifying the particle sise distribution of vebicle ¥ 240 Beap(-0.074x)

decreased about 60% of its maximum vilue from 17
to ¥ with a shight shilt in i mode, the 20 em mode

ion did not chanpe signil ut the modal
sire shifted noticeebly, This seeond mods contimued to
shift to larger sizes with imcressing distance from
the freeway. In gemeral number concenlrations [or

emivted ubtrafine particle downwind of 3 fresway.
Fig. 5 was prepared ic the same ways as Zhu ot al
(H03). The measured periicle number concentrations in
each SMPS size bin were combined in the corresponding.
sige range, snd the result was normalize to averaged
wind peed. The gererad trends of sub-groupsd ulirafine

smaller particles, 4, <50nm, dropped significantly particle decay curvar are quite comparablsz to Lhase L]

with ingreasing distances from the freeway, but fos given by Zhu et al. (2002), Figs. 7a and b. Total particls @ = w E
Iarger  ooes, o, = 100mm, number concentrations rumber eoncentration in the size moge of § to 25am L Distanoe fram Freeways (m}

decreased only slightly, Fhess results are in exceilent ascounted for about W% of total ulirafine particls

agreement with what Zhu el al. {2002) reparted for rumber concentration ond dropped sharply, by about Ll . T
freeways impacted mostly by gasoline wehiclos, which B0%, at 100m, znd lkeveled off after 150, Overall, it N0 Freeway (Diesel > %) G,
sugpests that coagulation is moss important than clecayed exponentially through oul the whole measured B850

ammespheric dilunon for the smallest vitrafine parsicies distance, Number concentrations in the next two' size :_/ ¥o5 Tes+ 2 TheSepl-0 40}

and vice versa for larpe paricles. Ulafine particls ranges 25-50 and 30-100nm, all experienced 2 shoulder Y

concentrations measared at 150 and 300 m dowowind of between 17 and 150m, These results are in excellent i

the 710 freeway were stistically within the vanation
of the 300m upwind background consentration.
The mazimum number concentration that was ob-
served mext to the freeway was sbout 30 times
greater than that for the background location. This
suggests that people who kive or work within 100m
downwind of major traffic sources, or spend a sub-
stantial amount of limes commuting on ssch highways,
will have a much higher uitrafine particle exposure
than thoss whe do not. This result can be used in
epudemiclogical  studies 1o estimate  exposure fo
ultrafine particles.

agreement with what Zhe et al. (2002) observed and can
be explained by particles, in smalles size TEnges,
coagubating with these partiches to increase their sive.
Fig. mpares the chafi iche sire distrib

at 30m downwind from the 710 and the 905 freeways.
Three-mads lognormal fitting was used for 403 freeway.
Raw data were smoothed by averaging for 710 fresway.
Heavy-duty diesel trucks on the 710 fresway reprecent
more than 25% of waffic while on the $05 fresway they
represent < 5% (Zhu etal, 2000), Average PM emission
rate for heavy-duty diesel trucks is abeut Odgimi

[Califernia ARB, 20000 while for passeoger cam B .

i

i

]

)

Total Particis Humiber Concentratien (m ™)

485 vy Dt < 4]
Rimt
¥ 35Tek 21 TetexplA0 T Ta}

Distance from Freewnys im)

Fig: 7. Decay carves of: (a) CO, (b) BC and () partiche number consentration near the 403 and 710 frecway,
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about 0.08 gimi (EPA, 2000). Thus, on the 710 frecway,
abaut 60% of PM emisson is due to beavy-duty diesel
trocks  ([0.25 5 0.6)/(0.25 % 0.4+ 0,75 x 0.08) = 62.5%).
In Fig. 6, both size distributtons have three distinci
maodes. The eoncentration for the first mode, betwesn 10
1o Mnm, i slighdy bigher near the 405 l'ruway. This
mede is fikely 1o arise fram b of

represents an averzped valee for all measurements with

similar wind directions, The sclid lne wes the best fitting.

exponential desay curve, determined using SigmaPlot
2000 sontinear ewrve Eiting procedure. The best fitting
expancntial decay equations and RY valuss are a
given in the figure. It can Le secn, in general, all three
deczy @t @ similar rate near both frecways,

semi-volatile maierials and i similar 1o tha: previoasly
reported fos direct laboratory measurement of gasoline
vehicle emissions (Ristovski et al, 1998). The conoen-
tration for the second mede, srcund 30nm, s wbout
30% higher pear the TI0 freeway than that near the 405
freewny. This mods probably comprises mainly of BC
and is kkely duz to the much higher diese] emisions on
the 710 freeway. Tﬂe last mdz xmnm! Wm,

P an i o number
concentrations for thess tao freeways &nd in both cases
are 1o

3.4, Deray of carbon menozide, black carbon and particle
samber concentralion

To make this freeway study more somprehensive, the
eoncentrations of CO, BC, and particie munber were
also measured at increasing distance from the freeway
on selected dates, as showe in Table 1. CO and BC wese
intentionally selecied because their ambient concentra-
tions are closely related 1o vehicular emissons. Aver-
aged conceatration and range of values at different
distances from the freewey of each measured property
ars summarized in Table 2, CO and BC concentrations
decrensed noticeably when moving away fram the traffic
seurces, similar o the findings of the study by Zhu e al.
2002}

: Figs. Tac were preparsd by compasing the decay
charactenstic of CO, BC 2nd particle number concen-

This implics that stmaspheric dilution plays a compar-
ahle role in both stadies. As discussed previously, the
avernge wind speed for ibese two siudies are sl close 1o
1.53m/'s. The disrepancies of the curves were mainly due
to the differens traffic fiset compositions on these two
fresways. The 710 freeway has mose than 25% heavy
diese] trucks while the 405 freeway has « 5%, 10 is well
known (hat diesel engines emit less OO0 and more BC
comparing to spark igniton engives (Kittelson &1 al,
2001). Fig. Ta thows that the concentration of CO near
the TI0 freeway is generally half of that near the 405
fresway. By companison, Fig. 7b shows the BC concen-
tration near & diesel velicle dombnated freeway B more
than thiee tnwes greater than that sear a gasoline vehicle
domenated freeway. As shown in Fig. e, the toul
particle number concrntratiun close o the $05 freoway
is somewhat higher than that near the 710 freeway, but
drops faster with dewnwind distarce. Since the rate of
coagulation increases with decreasing particle size down
w Xonm (Hiads, 1999, the obsrved resull suggests
more of the smallest ultrafine particles, mostly in rano-
size range, were emitted from the 405 freeway. This may
be explained by a total of 20% more vehicles on the 465
frezway, 11 was previously reporied ‘that rumber
emission rates from the spark-ignition wehicles weie
muck lower than from the diessl vehicles under most
operating condifions, but were similar undes hiph-specd
highway eruise conditions (Rickeard er al, 1596
Kitielson, 199%). It should also be soled that the

uations near the 405, pasoline vehicle d, and

il appears o cxend to

the 710, diesel vehicle i freewaye. E

deezy was foand 1o be @ good estimator for predicting
wial particke number concentrations at different loca-
tions {Zhu et al, 2002). Each data point in the figure

Tahle 2

abqnl Tm e ind frem the edge of the freeway for all

thize poliutants. Based on our results we conclude that

atmspheric ddution is so rapid that average concentra-
tion decays continuonsly after leaving rthe tailpipe.

Measured averaged concenirations at increasing distances from the frovway’

Measuremrat Upuind (m)  Downwiod disiance [m)
200 17 0 W a0 te0 ™

[=5] ol 23 10 1.7 05 i 2 ;

{ppray 0607 I a-:.s) {1524 (L-18) (0207 0105

Black carbon 46 21 19. 171 ] (%]

{agin®) (3.1-55) c:lsn 248) (65215 (26193 (4553 (S

Wumber conceatation 043 18 ol

} L& Lrkrl R
[ 16" Yom®) 0,56-0.57) (i 315 (0.525 (1.2-1.9) 0€2-1.1)  Q0I5-098) (o.an-msa_a .

*Range given in parenthesis.

o
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Fig ¥ Relative partice number, BC, CO conceatrations versms distance from the 710 froemay.

Fig. & shows the decay curves for relative concentra-
tions of CO, BC and waal pasticle number. The curves
aze normalized and extended 1o reach 10 at the
downwind edge of the 710 Freeway, Backgroucd
concantrations are ales chown in the figure, I is scen
that CO, BC and pasticls number concertration
decreased abaut S0-80% in the first 100m aed then

- leveled off somewhat after 150m, similar to what Zhu

concentration with distance along the wind direction
starting from the edge of the frecway, Measurements
shew that both_itmaespheric ditution Ted coagniztion
Flay important roles in the rapid decrease of parick
pumbee esneeniration and the change in particle size
distribution with distance away from a fresway.

CO has a much |
while RC and particle
number concentrations are comparable, Thus, 00 was
diluted more quickly and sgnificantly than BC and
particl: number concentration. In gencral, CO, BC and
particle number concentrations tracked cach other very
well. Thess results confirm the commen assumption that
vehicular exhaust is the major source for CO, BC and
ulirafine pamicles rear ¢ busy freewny. They also

support the conclusion made by Fhu et &l (2002} tha!

et al. (3002) reposted.
bati d

s work was supposted by the Scuthern California
Particulute Center and Supersite: US Environmental
Protection Agency under gramt number RB2735201, and
California Air Resouresy Board under contrecl number
58-316. The avthors also woeld ke 1o thank M:,
Yoging Fhang, for his sssstnce with the field
mexscremsnt.

for the conditions of these the E
characteristics of any of these three poliwunts could be
used intercharpeably to estimale the relstive concentra-
tion of the other two pollutants near fresmays,

4, Conclusions and summary

Wind speed and direction are important in determin-
ing the characteristic of nltrafine particles rear freeways
The average concentrations of CO, BC and particic
number cunncr_-mmn at 1Tm was 1.9-2.6ppm, 20.3-
248 pgim’, 18 % 10%-3.5 % 10%/em’, respectively. Rela
five concentralion of (0, BC and particl number
tracked each ather well as one moves away from the
freeway. Exponenatial decay was foend 1o be a good
estimotor for the decrease of these three pollutants’
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ABSTRACT

3wide area of air fa hear
bt winiter dod semenes seasons. In contrast, previous studies have shwn Puch !hrvﬂ air onll-unl
pradients downwind ef freeways, with levels sbove hackgraund concenmations extending ooy 300 m
Cowrwind of radways durirg the day and Up 10 500 m at right. In this study, read-tims alr polhatant
comeentrations were measured along 3 3600 M Gansect norma! 1o ae elevated Feeway 1-2 b befare
sumse uting an electric vebiicle mobife nlainrm equpped with m:-uoonsn Instruments. In winter

5, the peak ulrs (=95 000,
dwnm of the freeway. Bowever, dowrwind UTT concentrations as high az ~40 000 e~ exzended.
t beast 1200 = from the Freewdy, and did not reach backgroued levels |~ 15 000 o) wotit a dlmnm
of about 2600 M USF contentrations were alw elevated aver
the freeway. Other poiditamis. such a5 KO aod particle-bound polyaweile arematic hydrocarbons,
exhibited simiar fong-distance dowmwind conzeatration gradients. In contrass, air peBurant corsen-
Irations meazared on the same routs after sunrise, in the moming and afemocs, exhiied the Gpical
daytirne downwicd decresse ta background levels within -~ 300 m as found in ealier szudies. Alshowgh
pr! suare alfic volames on the e 8 Aerwrwind
haher dllﬁl\l.. during the daytione. LFP and

Nmer.nmw mm also sringy correlated with walfic counts on the froeway. We asaclace these
elevated pre-funrise concenirations aver a wide arca with 4 nochmal suace EmperanIe Mverion,
low wied speeds, and high refative humedity. Clservation of suck wide alr pelfutant impact area
derwinwing of a s sadvay BFo? o wunsise has b assesurant it
demnenstrates extemive sosdway npacts on residertal areas dusing pes-sunrise bours, when meat
pecple are at home.

2009 Eisevier Led. All rights reserved.

1. Introduction

Janssen et al, 2003), asthma {Ln et ab, 2002; McConnell et al,
2006), znd mortalicy (Hoek et al., 20021

Alr quality In the vicinity of roadways caa be serigusly impacted
by emnissiong from heavy traffic fows As a result. high concentra
tions of air pollutants are frequently present in the vicinity of
voulways and may result in adverse health effects. These include
Increased risk of reduced tung fusction (Brunekreel et al, 1987},
cancer (Knox and Gilman, 1957: Pearson et al. 20001 adverse
respiratory symploms [Van Viiet et al, 1857; Venn et al, 2001:

* Correspondiag dother, Tek: +3 (1I0J0E 1278; fac o1 (31206 3358,
E-uall mdeme: busiiianSuciastu (L Hal, [rbayicnde G- Fodal. -

[SE Pavkion) pebieemar Winer),

AFE-ZINOYE « s foord matrer © B Flordder dad, All righ's reserved.
del DI aEnesenv 00001000

Provious dudies have shown slevated vehicle-related alr
poliutant and gradients d ind of roadways
during daytime. Hischins et al. {2000) measured concentrations of
fine and ultrafine particles (UFT) at a distance of 15-375 m from
a major ieadway during the daytime. They found concentrations
decayed 1o about half of the peak vatue (3t the dlesest palnt to the
maadway) at appreximately 100-150 m fram the roadway on the
aomal dowrwind side. Particle concentrations were nat sffected
By the teadway at a distance farther than 15 m on the narmal
upwind side, indicating 3 shacp geadieat of fine and wltrafine
particles. Similar studies were conducted by Zho et al, [200Zab),
whe measured ultrafine partices, €0, a0d back carbon (BC) an the
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upwind {200 m) and dowrwind (300 m) sides of a freeway fn Los Table?

Angeles Cuzing the daytione. Peak concentrations were observed  Monduing inummls én the mobils pulm,

imenediately adjacent to the Freeway, with concentrations of air r-u—umm o Moaswemenl Pasowes, o o Tme

pollutants retorning to upwind background levels sbout 300 m =T Rechutisn

downwind of the freeway, T e T Wt 3007 DR Count (W pmawes] 1 o 104
The few near-roadway stud'es condumed i- night indicated T3 I, Matel 106 UFFSaeibGttanm) T 0y

larger areas of imgact than during daytime. UF: ax mm@muﬁn 4 M L d :Lﬂ

night were reposted by Zhe ot al [mos]. who dicted ey P88

measurements upwind (300 m) and downwind (500 m) &l T A Model 3900 Dabs

a freeway from 22:30 o 04:00. Although mraflic velumes wers ncn«mmm Cwos

mucl iower at aight (about 25% of sticle pumber (oacen- : Mk

sl ight ( pul-};u he  Vaiiels Sasic Aneearter B

freewaay. with UFF concentrations of 0 000 m" shour 500m XL £ P

dowmwind of 1405, 3 majer Los during the night.  LDAR - s

Frum and Isakoy [2008) measered UFP fons in Sacra- Digid Sy - .

mento, California, near the 1-50 freewsy between 33:00 and 01:00
and found 30-A0% of maximum centeriine concenrations
o1 2 freeway overpass] BOO m

In the present study, the uwse of a full-size, motorized mobile
patform (WP} allowed mare pollutants to be measured than
previous nighttime  studies and with Improved spatial and
temparal resolution. While mraveling at normal vehiche speeds, an
instrumentad mobile platform allows MEESUTEIIENTS Over greater
distances and in shorter tinves (BukowmeXi et al, 2002ab, 2003
Canagaratna et al, 2004; Kittelzon of o1, 2004a.b; Khlystow and Ma,
30:06; Kalb et al., 2004 Pirjola et al, 2004, 2006; Ural et al., 2004;
‘Wellers et al. 2004: Westerclahl ec al. 2005; Yao 22 2l 2005; lsakoy
et al. 2007: Baldaal et al. 2608; Fruin ot ab, 2008) However, 1o
date, such studies heve focused almost entirely on daytime and
evening periods.

Inthe present srudy, air
over a wide area on the south and north sides of the 110 recway in
west Los Angeles, California, 1-2 b before sunise in te winter and
supimer seasons of 2008 wing an efeornic vehicle mobile platform
equipped with fzst-reiponge mstruments. We observed a much
wider area of impact doworwind of the freeway than reporied in
previous daytime and evening studies, consstent with ke wind
speed, absence of turbulent mixing. and pocternal radiation inver.
sioas, Our pre-sumise tesults were also strikingly different from
these we shserved for the same et during the daytime. Our

metez, with a flow range of 100 ml min™' to 7 L min™" and an
accuracy of #VE was used 1o cheek the flows of each indtrument.

22, Rouze

For pre-suncise measurements, the moble plarfoem was driven
an a foeed roate over thaee days in the winter season and two days
in the summer seaton of 2008, The route covered a total length of
ahout 3503 m approximately perpendioular 1o the 110 feeway in
Sarta Monica, Cabifornia (Tig- 1] The solid line in Fi
section of the route over which (he rabile platfor
B-10 times during rach monitoring period, reaching aboot Y200 m
stth of the freeway. The dashed line shows the extended section
of :ht route, over which t||e mnblhc plarfarm rraveled 2-4 dmes

bout ™ south of the
Jmcmr Thee pre-surdise rout umw 2 numileer of local surface
styeets; these are chown in Fig. 1 together with their normal
distances bo the freeway as measured from Googhe Map, The moote
was selected because in passed under the 1-10 Feeway. ard because
there was little walfic flaw on the foute itself ar en the perpen-
dicwlar surlface streets [e.g Ohympic Bivd, Pico Bhvd etc) during
e smnu hours. Hence, the majority of measurements were not
affected by local surface street traffic, The route alse

observation of a wide arez of imp. hours, up 1o
abaut 500 m upwind and 2000 m dUWW.nd has signifcant

passed through 2 dense residential neighborhcod where the
elevated air pollutant concentrations have slignificant exposare

implications for exposures in residential adjacent 1o
MGIr roadways.
1. Methods
21 Meobile phatform and data collection
A Teyota RAVS sub-SUV eloctric vehicle served as the mabile

plasform, with seil-pollution elminated by the nan-poliwing
nature of the vehicle. Tatide 1 dwm a complete list of sampling
and

pling. the mobile p] i axopped
wo avoid localied impacs from mdividual vehicies whenever
necessary. During data reduction, pellutant comentcation spikes, if
werified from videotape to be caused by a nearby vebicle, were
exclnded from the analysis.

23, Real-dime traffic flow

Traffic fiowws were coliected or measured on the 1-10 freeway, the
ise route itsel, and the ngor surface streets transecting

the I The
time resolution for mest instmuments Anged from 5 to 10 s except
the Aethalometer, which had 1 min time reselution. The insti-
ment power fupply and sampling maniodd were similar o that
described by Westerdahl et al. (2003).

l'he pre-suntise route. Keal-time traffic fow on the freeway was
ohtained from the Freeway Periormance Measurement System
(PeM5) providied by the UC Berkeley Institute of Transpertadon.
Sensors weve located a¢ the Dorchester Station. abeut 300 m fun
the | of the pre-sunsise route and the Feeway, Since

Calibration cheeks and flow checks were ! 1 on a bi-
menthly and daily basis, respectively, as described in Kozawa et al.
(200%) For callbrations, a standard gas containing a mix of MO 2nd
€0 was diluted using an Enviropics 8100 Mult-Cas Calibrator and
Teledyne APl Zero Air Systern (Model T01) to calibrate the CO
ard NOJNG, analyzers. €0 was calidraced with zeqo an and span
ges cylinders fram Thermo Systems Inc. A DryCal DClite flow

shere were o Gi-famps or exits between the Dorchester Station
and our route, the Pehts d

on the 110 fresway where owr ovte passed under the freeway.
Traffic flow on the pre-sunsise route iself was monimred and
recarded by  Staller Visien Digitz] System on the mobsle plaform.
The secorded videos were replayed and vehicles on the pre-suntise
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a0 south of the 190 oewoy, respectively. The Sad kne indcates the roule

resolution {~25 m) near the sdges of the Feeway where we diove
more slowly.

were made i over the enlife route,
o ¥ sites. Thi d real-time

©f UFF, PB-PAH, and NO aleng the pre-suntise route were averaged
far each intersection using a few data polnts messured ac and
immediately adjzcent te the intersection. Altheugh the peak air.
pollwtant concentration always ocourred dowrwind of the 130
freeway, Bts valoe changed with time due to changicg traffic
volumes on the 10 fresway and varying metearological condi-
tions, so peak pslutant cancentrations were used to calculate
mmulimg relative poliutant concentrations. For example, in the
welnter seaion. ged peak UFP
abaut 85 Y, but peak I the
range of 62 D0O-13% D00 co™ (four to Aite tmes the byckground
cancentrations).

3. Results and discussion

31 Merserological date

i i ineluding ic szability,
temperature, rebitive humidity, wind speed and wind direction,
play an important role i ik ar pallutan: "

and gradients along and downwind of roadways, During cach ru
the mobite platform was periedically stopped at lecations along the
pre-suniise (oute io obtain wind data from on-board irstruments
(Table 2) These d pared with the fro
the Santa Monica Airpost {SMA) located abeat 1500 i dowmwind
cf the 110 freeway and in the immediate vicinity of the routs. Bath
thie average by the bl et Ly
the SMA were quite bow dusing pre-sunrise houts, in 2 range of
0-10 m &7 and the averaged diffcrence. between the two
measurements was abeut 03 m s~ Temperature and relative
hemidity were obtained from SMA data,

Teule weie esntinaous; cirches Edicate hocason of cross slerty, et Tieed aite

route were manmeally counted. TrafMe flows on the major crods
streets [eg. Olympic Bivd., Pico Bhd., and Ocean Park Bivd.) were
manually counted during the winter season on a we=kday at times

for five days, Mazch 7, 12,1, Jume 30, a5 July 2. froem data cofiected by
instruments on the mobike platform Wind speeds were low duting
the pre i L Wil i
0.0t 10 m 57, The sveraped wind directions measisred by the
mobxle plavonn mdicatsd a predosinant direction of NRENW
during, the pre-sunrise muns, which agreed reasonaby woll with

direct 4 dizection, the

simitar to when the p m i

24, Dany aralysis and selecrion of key pofiyuones

Cata were adjusted for the varying response fimes of the
imstruments on the mobile platdomm w syachronize the measure-
ments. NOy, €0, 00z, and particulate data (UFP, BC, and PM25
mass) were syachronized with particle-bound polycyeiie aromatie
hydrocarbon [PB-PAH) data measured by the PAS instrument,
which had the fastest response e KO, UFF, and PB-PAH were
selected inthe £ il ial 4
heie rapid and large variztien en and near roadways The overall
response time for the PAS instrument was determined by
comparing the time of signal peaks in the PB-PAH time-serics to the
commespanding time of aceeleration of a vehicle in frone of our
mebile platform (a5 recorded on videotape). This time difference
was less than 10-15 5 and includes the transport time (typically
afew seconds) for the plume from the emitting vehicle to reach the
inlet of the sampling duct of the mobile platform. Civen the shart
response times of our instruments and our driving speeds of 3-15
MFH, the spatial resolution of our mobile platform measurements
was typically In the range of 25-75 m, with the finer spatial

aiepart For this

Wy

i direction fom north, the wind was
nat completely perpencicular w0 the 190 freeway, Hence, the
distances pnllmn_u ‘traveled [iom the frecway to various lecations
alorg the route, includiag the mafor cross-surlice streets, were
generally longer than indicated by cistances shown in B 1 For
example, the straigvt perpendicular distance of Coesn Park Bivd. to
‘the i1 freeway b ~ 950 m. whereas for the averaged wind dicection
of 25* far the pre-sunrise nun. the distance pollutznts traveled was
=~ 1050 m. Hewever, due to the variability of meteorological condi-
ticniz, the perpendiculer distances were wsed o indicate impact
distances in the present study.

While detailed thermal srructure data for the lowest Lyers of
the atmosphere in the ares of cur pre-suprise 1oute were ot
avallable, the avallable data indicate the days sampled had suable
{ie., vertical) temperature profiles or strong nocumal radiation
inversions i the bours befare sunrice, Data recorded at the Santa
Monlca Airport indicated the nights on which sampling 1ok plaee
were clear up ta 2t least 3000 m. and had either affshore flow or
aweak land breear, also consistent with clear skies: elear skies are
condusive o the larmation of asctemal susface inversions due to
enhanced radiative heat fass in the infrared. Data collected by the
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© Frofias carae oling £ g eseing The

Searth Caasr Alr Qualiny Management District (SCAQMD) 2t the Los
Argeles Airpert {LAX], - B km south of pre-sunrise route, were 2lio
consistent with an inversion o stable concitions at the surface. On
310 and 3/18, the data showed temperarure inversions from the

lower edge of the measurements at 130 m up 1o 190 m o7 mare,
respectively. On §530 and 7/2, the prafiles were mable from 130 to
1040 or 260 M. respectively, with capping inversion layers above.
Wand spreds during U pre-suntise hours were too fow 1o creale

Fig. 2. Wind rowe Bor pre-quseise ssegling hoas. {a) March 7; i) March 12 {c) Macch B (4] June 305 e} by 2. The shis dne i each wind mse ind s vevons avesaged wind

ey
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apprecizble vertical mixicg in the presence of these temperature
pmnles and the shallow mmixed layer was likely thinnee in March
than i june/July.

22 onm aof a wide impact arca dowmwind of the freeway
during pre-simrise hours

As shown in fig. 3, 3 wide impsct area of clevated UFP

up 0 2000 500 1 epwind of the

10 freeway, was ohserved during the pre-sunrise hawrs on the
monitosing. days in the two seasons. In his wide impact area,
Donald Douglas Loap
M located cn the south side and 1200 m dawnwind of the freeway
{Fig. 3. Here, 1200 mi . the average UFP

As shown in Fig- 4, N and PE-PAH exhibited conceatzation
gradients similar 1o URP alung e route during the pre-sundte
haurs, Peak concentraticns of NO and PE-PAH (on the dowawing
side) were about 165 ppb and 55 ng m . respectively, in the wintee
season, Upwind, ND and PB-PAH concentiations diopped rapldly to
70 ppband 30 ng L mumly.ar-dammoramlsumm
contrast, on th side, NO and
71 ppb and 30ng m™, respectively, extended 0.4 distance of about
V200 m from the Teeway (NO and PE-PAH data were unavailable
for sunumer measurement due to instrument problems dusing the
pre-sancise sk

5 shows

" sdes of

-1 Eemy dufing the pre-sudre hows in the winter and
BRI SEHONS. UFP copcentsations were narmalized for each

dusing the winter sampling hours, rypically 06:00-07:30, wese a3
high as ~40 600 cm™. Only at a dowawied distance of about
2600 m (Falms Blwi) did the UFF concentration drop to
=15 00 cn ™Y, comparable to the upwind backpround level.

I the winter mml\ the pesk UFP concentration was appisi-
mately 95 000 o~
Upwind, the 4 sharpily 440 000 >
30 m upwind {\'ngnu Avenue} and returned to background levels

ol ~13 000 cm™ at ~00 m on the upwind sde, ceating
2 moderste upwind gradient north of the 110 Feeway (Fig 31
Interestingly. the upwind impect distance during the pre-sunrise
hours, ~B00 m, was far greater than that of ~15 m chsereed
during the day by Hitching et 21, (2000] and also greater thas that
mcasured by Zhu e al. (2002b]. This may be caused by the ocea-
sinnally variabile wind direction during the pre-sunrise bowrs for
which the nominal upwind side of the I-10 freeway could tempo-

y
upwind side of the freeway appear to have had substantial nfiu-
ence an the averaged upwind UFP concentrations durs 1o thefr
otherwise low levels.

Ax seen in Fig 3, the UFP concentzation also dacreased on the
downwind side, but much mare sdowly than on the upwing sids.
At 3 downwind distance of about 600 m from the frecway. UFP
concentrations dusing winter were aboul twice those on the
wpwind side (50 000 am™ vs. 22 000 cm™ ¥} Even 850 m down-
wind, at the intersection of Ocean Pak Blvd, the UFF concentra-
tion remained as high 25 45 000 cm~®, higher than 2t 30 m
upwind, These pronounced dilfersnces in gradients of UFP
enncentrations resulted in strong contrasts between the upwind
¢ sides of the § ¥ Curing o hours

and
{Fig. 31

3

&
H

&
2

:
2

w
#
H

A

UFP Concertratian [#em?)

an nur route, and then avesaged together ke
a1!m: rums for eath season White theze was litde o7 no traffic en
our route during the pre-sunrise hours. vehicke counts ca the same
vt during the day were muscl: higher and emissions from thess
wvehiches significantly and frequenthy affected measuremens by the
mobile platform. Morecver, the pre-sunrise roule was only driven
once in the marning after sunsise and once in (he dtermoon, in
contrast to multiple times in the pre-suasise period. For both of
these Teasans, campariton hetween pre-sunrise and morning
aftemoon measuremients on the pre-sunriss roule are nol mean-
mghul Instead, we show nonnalied data from Zhu et al. (200205,
which weie not alfected by ocal trallic, 1w compare with our pre-
Sunfise MmelsuremEnts.
As Fig. 5 iliustrates, pre-sunrise UIFP concentration gradients in

¥ or
narrew daytime UFP gradients measured by Zha ot al. (2002at) 1o
our pre-ssdise messurements, UFP concentrations remained
elvated ahove the background level up tn ~ 60D m upwind of the
freeway versus only ~17 m upwing for the Zhu et al {2007h)
daytims mweaswements. On the downwind side in the Zhy ez al.
(2002b} measurements, UFF concentrations dropped to about 25%
of the peak concentration 300 m dowenwind of the freewsy duging
the day, bur in the present stisdy, in strong contrast, the UFP
s remdined 40% of the péak mhaumbm
and was ahove ls
~ 2000 m dunll‘thl_‘ pm-mnmc hours.

of the form © = |H & s wsed 10 At our observed relitive UFP
concentrations dowmwing of the 110 feeway during pre-sunrise
hanrs, as well as the daytime data reported by Zhu ot al. (2002b) As
seun in Fig B, the decay constant i a factor of five higher for the
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Fly 3. Ulteafiee pusticle eomenieations aed gradients dong (e pre-qussise route.

Data weve vt cearmusasly, up ko e sdges of B Sesw,

o .
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Fig 4. Aceeage N0 and PB-PAH concemtations and gradieary, sesg the pre-suncie

couts in G wleter Seases, Pasines Gatances aee domowind ad negidive Bslines.
i frocs e 110 Eveway.
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Rolative UFP Concantration
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. (et

st wgwiad fram the 10 feeway, Data weer e coimenat o e
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daytime vy, the pre-suntise period, with vahues of b of 0.0098 and
\luola m,‘:cnuz

exibited similar trends
in lx‘tth winter aid summer [Fig. 51 Although UFP concentrations in
the sEmmer were about 40% those i the winter (due o lows
traffie fAows en the 170 fFeeway, as discussed below), the simil
trerds in relative UFF concentration imply similar UFF propagation
during the pre-sunrise kours in the two seasans although mereo-
rological conditions were scmewhat differsnc

3.3, Correlation of pelfutcnr concestrations with traffic counts an
110 freewny

PeMS data showed a slmilar durnal traffic patrern on the 110
rceway on different weekdays durlng the pre-sunrise houss in
both winter and summer (Fig. 7b). Trallic counts on the fremway
exhibited zn approwimately linear increase with tive ffme, However,
during 04:00-0530 [when SusRmer MeaSurements wore oo
ducted) traffic counts were lower in summer than in winter, We
attribute part of the lower wraffic counts in summer 2 mest schouls
being closed and vacation scason in summer, a5 well as the
mmaﬁcinﬂwse in gascline prices between March and july 2008,

som in vehlele miles traveled.
Alsc, sunrise was 2bout one hour and fieen minutes ealier in

overall

12
§
2 1
E
i o8

ok
o
5
g o4 Fresvee
] -
2 on} e pesmeivmann T ———
= RFRA

oy 830 w00 1500 #ee0 3500
Distance from Freeway (m)

Fig. 6. Expenertial Bis b the duwiwind relaiive UIT epcearmations with distince
i the 110 eenay éoring gre-sncive hens, eonpaces wih il fo Sy duca

el f Atresaphen Envimamint 47 (009) TH1-2540

Traffic Counts (Aiminute)

R ERE
1

Treatthe Counts on Fretway O

A minates)
o i s 85 dd

Fig. 7. {a) Comeaphtisen of traflic vobarmts an the |10 Fstway, fee-tanvioe sustt, Fice
é., anc Drzan Park B, dusing pre-uesise Roars o2 a uppical weekdiy; (0] Traie
i o the 110 Loy dusiog pir-onsie Geviaioncas Ll g sz
 dasbod fian fo e da
the summer seasce. Suniise tines dawn hete wete aveiaged far each seson.

summer (~05:45) !Mﬂ in \Am\m {~07 DD],. w||||:h V\N?:urod ln
earlier
10 wrinter [ ~ 0600 u'.r.;uy. and o
traffic counts during the pre-
summer. .
During the measurement perled i winter, traffic counts on the
freeway increased from =530 1o ~-500 vehicles per 5 min, while la
sumemer counts increased from ~60 to ~ 620 vehicles pér S min.
Assuming 3 knear increase of taffiz counts with time, the average
U the pericds, winter
VErFas SUMmET, were ~715 vs, $40 vehicles per 3 min, sesubting
@ rafin of ~2.1. This ratio of seasonal traffic counts compares well
with the ratio of the UFP concentrations measured in the winter v,
summes of ~22-3.0, depeading on distance from the freeway
{Fig. 11 e should be pcted thas the sunrise times during the wirter
justafter the Switch
ta Facific daylight time (FUT}, were close ta the Litest annual {local)
sunrise times, and thus may represent raughly the uppes limir for
the fresway impact throughout the yeas
We ‘.lmbur :I|= mum-‘w nhigh p:!lmau cmrrmaws we
f the |-

sponds W much lower overad
ise measarement prricds in

emissions of vehicles mwtm on the 110 lrtmy comhined wlrh
strong inbibiton of verdoal midng due w ostable or lvered |
temperature profiles neer the surfare. Fig. 8 shows the UFP and NO

sty
ot R Bemsise MeANETEERL, 13 5O the quum:u [

Ve
the traffic coumts on the freeway duning the pre-sundise hawrs on

March 2015

R1-GL-262

I-405 IMPROVEMENT PROJECT



FINAL ENVIRONMENTAL IMPACT REPORT/
ENVIRONMENTAL IMPACT STATEMENT

APPENDIX R1 DRAFT EIR/EIS RESPONSE TO COMMENTS

GL14 Continued

£ B er ol [ Armmdjier Ervimmsiont 83 {2009) 25013540 24
a d
TEESD4 24
GSEH04 1
B5ED4 F i
i
ASED4 -
» 2 n
DBE04
4
zsmedf Rep Rianan
TR s ma W e " v
Traffic Counts (W5 minutez) Trafie Counts (NS minutes)
b e
ESEAM =
5O [+ March 12 - ne
&
G o4sE . & 180
FAOE g m
BSEeL i
; T L4 Rapse
e T T e G TR ae e
Traffle Counts (#5 minutes) Traffic Flow (5 minutes)
' 00
.
- 10
H
[ - .
o .
= w
Ream
s —
=0 €0 'ﬂ L] M

Traffic Counts (%5 minutes]

Fig. B Unesr regression: betwees LIFP amd N3 eoncrateations &2 Ocea Park Bvd. (550 m doramedad of 110 freewayl. 38 mathe coants o2 the fotwily diing (e pe-searise

Eoors da the wanter seasan.

runs in the winter season. Both the
freeway udr: cuums (Fig. Thy and mﬂlunm mmlﬂdq.1<

corretation wﬂhnd-mhgr.?m lﬂ?. the values of squared Pearson
coefficieats () were and for NO, above 037

instrument problems during the pre-sunsise nans). Strang cormels-
tians at other dismnces from the fresway were also found between
UFP concentrations md ml!’mmulls on the freeway. For example,
e Lt ¥ for UFF o 2t Pearl 51, for three
winter samplineg days, were above 085,
Bazed on oir videotape elbervations and the traffic counts we

the streets should have been higher than upwind, but this was nog
the case; oo significant gradients In concentration were chserved
benween the bwe sides of these streses. Hence, the eontribution of
emissions from vehickes on (e strfice strests (o our pre-sunrise
measurements ranged from minor 1o insignificant compared 1o
emissions from Freeway traffic.

One case in which we find evidence of 3 minor contribution
from non-Feeway emidssions involves the shallow shaulder In UFP
concentrations on Ocean Park Blvd, {~550 m dowrrwind) and
shown &n Fig. 3. Traffic counts on this major surfses street were
~8% of the frecway counts (Fig. 72l which may have resulted in
a small local 'LI'FP. NO, and FB-PAN contribatian to the measured

conducted on surface streets, as well as the stiong
presenied in Fig. 8, we believe the messured concentrarions of air
pullutants during the pre-sunrise hours were predominantly
determined by the traffic counts on the §-10 freeway, and that the
impact of local surface street trafic was mined. Traffic volumes on
the pre-sunsise route itseIf were oaly about 2% of those on the I-10
freeway at correspending times. Traffic volumes an the theee major
surface streets crossing the pre-suntise route, Ocean Park Bhvd,
Pico Blvd., (dowmwind of the fresway), and Olympic Bhad (upwind
of the freeway) were also fow, anly about 8%, 6%, and 6%, respec-
tively, of these on the freeway. Mast of this carly moming cross
wraffic for our measurement Teute encouniered green lights. IF the
emissions cf the oceasional v-!waeson these surface streets were

the pollutant measured of

A lacal Goa of ~E% traffic count on Pico
Bhvid. s not apparent in the measused UFP concentration in Fig. 3,
due o the clager proximity of Pioo Blwl to the 10

Tremwary [~ 250 m downwind).

Although the mabile plaform mezsurements could be atfected
by emizsions from vehicles occasionally encountered on the pre-
SUNrEE (OUAE OF Coss-surface streets, chese encounters typically
exhitited enly & short, transient spike of elevated carcentrations,
Furthermore, the overall pre-sunrise concentrations and gradients
presented were averaged from 18 to 24 runs in winter and 12-16
runs in summer and for afl these reatons were generally not
significantly affected by emissicos freon octasionally encountered
nearby vehicles. The Saata Monica Alrport (SMA), a small jocal
airport, locaved south of the pre-sunise route, ket no impact on

GL14 Continued
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any u! our pre- wuue measurements singe it has severely
naise pallution. a

all of our pre-sunriss experiments.

34. Size distribution of UFP along pre-sumrise roufs

The use of 2 fast mobilsty particle sizer (FMPS) with its 10 ¢
scans, ablowed acourate monitoriag of the chaaging particle size
distribution a2 2 function of distance away from the Feeway. Fig. &
shows average UFP sire distributions for five dowmwind and two
upwind intersections during the pre-sunriss howrs in the winter
season, with docreasing particle numbers aad increasing sizes an
distanee downwind increases, uatlh the upwind sire distribution
was roughly marched ar 2600 m. At the dowmsind intersections up
0 1200 m from the freeway, two o four times highe: conoentra-
tions of ultrafine particles less than 40 am were observed compared.
with upwind locatians (Fig. )

For the intersections nearest the frecway {eg. Kansss. 100 m

and Pica, 250 i be-modal

ranges of ~9-12 nm and 16-20 nem were observed. For dovwewind
intersections farther away and for the cpwind intersections. UF?
peaies obsarved were typizally =8-12 nm and ~16-20 qn, and
2B-35 men, corresponding to freshiy generated UFP and aged
particles, respectively. UFP size distributions at a distance of
2E00 m dowrwind (Pabms Bivd } and 1000 m upwind [Harvard S
considered “background” locations, were similar with a dominant
made at 30-60 nm.

In summer. dowmwind UFP size distributions also had a small
mode of 9-12 nm. The persistence of the 5-12 nm peak in UFF
concentrations during pre-sunrise hours over a wide area can be
amributed to increated condensation of oIganic vapors and slowes
rares of comversion to laoger partices for the cooler, stable air
eonditicns prior o sungise duting our winter and summer
campaigns. These (ordunors would also promete the more

elevated UFP observed in our pi ise Tuns
compared with daytime runs.

35, Pre-mrarise vs. dayiime concentratians in present study:
eapasure implizaticns

Although tralfic volumes on the freeway during the pre-sunmse
hours were markedly lower than during the daytime (~30-80% of
peak conpestion traffic volumes), air pollutant trations

"Fut T e
ames | " | ¥
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2 20ee0s l:] I:“,:
B0F00 e il Ll

Fi "o 4
differet et b winlee: pre-ruarise {PSRL maming (241 and sterioc (4.

mnming or aftemoon s, Fig 10 shows the UFP canceatrations

measured at Fearl e, 500 m south of the freeway, during the pre-
sumuinddm‘ The median LFF

wete 42000cm ™, 24000 e, and 19000 em™ for the pre-sunrise, -

moming. and aftermoon, cespectively. Ciearly, there was sufficent
traffic flow on the I-10 freeway combined with the meteornbogical
conditions during pre-suntise hours to result in elevated conoen-
trations of UFF, NO. and PB-PAH aver 2 wids
(up to ~H03 m) and upwind (up 0 ~630 m] residential neigh

5. Since the pre-suncse bours are at 2 time when most

peeple are in their homes, oor observations imply the potential for
- "

mace residents §
o freeways; far above the nambers of people that live

rea of the downwind -

wmm the A—]ﬂDJSDu m range repocted in eastier daytme and |

Inthe 1 it pericd
dowrwind of other majar 'uam; s'lm'dhe(cndmdto:mﬁrm
our novet findings.

4. Conclusions
A wide impact area of elevated pollutant concentrations on the
dowmwind (up 1o ~'mno m} and upwind (up to ~E00 m) sides of

afreeway b typicat

measured prios o sunnse were significantly higher than in the

3 dith by weak winds and
a sreng radiation faversion To make these measuremenrs.

3 mobie platform. equipped wah fast-response monitoring

drove al ing under thel

V4G5 and passing through 2 large residential neighbarhiood. Of the
P o 1ot upwind side of the freeway, 2ir pallutant concentrations deopped

- quickly, but temained elevated up to ~B00 m. On the dowmwind |
p— side, air pallutant corcentrations (UFF, BAH, NO) dropped much

y and typical =300 m distance

& eoEens aswmm. with the return to background pollutant levels chaerved
= in peeviows swdies conducted during daytime. For example,
3 soEee elevated ultrafine particle concentration of absut 40 009 cm™ -
= exended o ~ 1200 m dowmwind of the freeway in the winter
g . seasan, which wis about 40% of the peak UFP concentration adja-
pp— cent ta the freeway. 2

i the s ignifs higher

1 B i the pees period We i

1w
Partiche Dlameter, Dp, {nm)

F. 9, Siow dinribuions f iraat pirdie measmd by 4 T8 Model 3001 FMPS 30
tise heary i

e seasen.

mmamp‘rvwhlhlﬂmﬂmﬂs(nﬂl ms Liow

temperatures [-9-13 "CL and high humidities (~B1-T9%}; facili-

tating longer lifetimes and siower transport of UFP before dilistion *

and dispersion to background levels. Mocturnal imversions are
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5 M o At

2 widespread phenosenon particelarty on ch#ar nights, and our
resulis sugpest broad areas of elevated pallutants around major
ruadways are cxpected o be non In the el rving heurs.

Ervirsment 1 (2003) 23412545 545

Janasen, KAM, Beuschieel. B, van Vil %, At 1. Melelur, K Harises, H,
Fraches P. 2003, The Telarisnihip besween air pollution foom bedvy trafic ind
et . asd e

apirety
1, 12-1515.

The impkcatians of these cbservations for exposirs 19 vehicle-
related poliutants should be fusher explored,
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Ambient Particulate Pollutants in the Ultrafine Range
Promote Early Atherosclerosis and Systemic
Qxidative Stress

Jesus A. Araujo, Berenice Barajas, Michasl Kleinman, Kuping Wang, Brian J, Benneit, Ke Wei Gong,

shamad Navah, Jack Har C

Sioutas, Aldons I Lusis, Andre E. Nel

Abstract—ir prilltion is associsted with significunt adverse health cffects, inclnding increased carfiovascular morbidity

ond mortality. Exposare w0 p
cardiovascular events and promales

matier with &3

jameter of <2.5 pem (PM,.) incresses ischemic

these is i ing evidence that the smallest polintant

particies pose the greatest danger because of their high content of organic chemicals and prooidative poteatial, To test

this hypothesis, we i the p

effects of

ambient pariicles of <018 pm (ultrafine pasticles) with

Py
particles of <25 pm in genctically

in E~defi

E ) mize. These animals were exposed Lo

concentrated witeafine perticles, concentrated partiches of <2.5 um, or filtersd air in o niobile animal facility clase to

& Los Angeles freoway. Ultrafine particle—expossd mice exhibited sigaif ly larges eady

Resicas than

mice exposed ko FM; ; or Hltered air, Exposure to whirafine particles atse restlied in an inhibiticn of the entinflammatary
capacaty of plasma high-density lipoprotein and preater systemic oxidative stress ag evidenced by a significant increase

levels =nd

in hepatic mak
factor. (Cire Res. 2008;102:589-596.)

e of Nri2-regulated antioxacnt genes. We conclude that ulrafine
particles concentrate the proatherogeaic effects of ambient PM and may igail i i

a sigoificant ik

Key Words: air pollution ® wltrafine panicles » atherosclerosis m oxidative stress w HDL

II it increasingly being recognized that exposere to ambient

matter (FM) 1o adverse
hezlih effects and is a msk factor for the development of
Ischemic i events vik oo of atheto-

seberosis, coropary amery disease, and the tiggering of
myocardial infarctions.! Although this associstion has been
documented foc FM with 2 mean serodynamic diameser of
<10 g (PM,), there i3 incessing evidence that smaller
pasticles may posc an even greater heallh fsk. A Eruwing
Titeratuss indicates that fine partiches (FI's) with an average
serodynamic diameter of <15 jum (PM,) exent adverse
Bealth effects of greater magnitade. For examgle, the “Wom-
en's Heallls Initiative snady domonstrated a 24% increase in
the inzidence of cardiovasculr events and a 76% increase in
cartiovascular monality for every 10 pgim’ increase in the
anmaal averags PMg, level? Tt appears that the smallest
panticles that exist in fhe urban envisonment ase the most
angerous.t Ambient wltzafine pasticles (UFPs) that have an
asodynamic dinmecter of <018 pm wre by for the most
sbarhins pasticles by number in uban envirorments soch as
Los Angeles, Because these particles are emitted mainly by

vehicular emisions and ofver combestion sources, they
contsin a high content of redoxcycling organic chemicals
that could be released deep ima the langs or could even spill
over o the systemzic circubmicn, Thes, UFPs may be
particularly relevamt from e perspective of candiovascola
injucy.?

TIn epite of the epidemiologicsl evidence indicsing that
ambicn: PM can promets cardovascnlar injary and atheso-
sclerosis, the mechanisms of the cardicvascular injury and
prostherogence cffects sre not clear. However, expenmental
studies in susceptible animal models have shed soms light co
disease is, Far instance, § dming
tion of umbient PM,, in Watasshe rabbie® or long-tenm
exposare of apolipoprotein {apo)E-oull mice 10 PAG.08 en
hancod sihercsclercte plagee growth, Moreover, 8 cross-
sectional exposure study in humens showed a 5.9% increase
in carctid intima-medial thickuess for every 10 pgine’ rise in
FMys levels,? and @ prospective cohort study supported an
asgociation between long-team tesidential exposure to high-
traffic devels of PM,; and cotonary atherosclercsis, as os-
sessed b artery calcification soores®
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Faom ths Depanment of Medicise (LA AL BB X W, HAF. EWG.
il wedd Envirommeental Engioesning (C.5.), Uriversity of Soahem Califos

K], Univesséty of California, Irvine; #aé Depar

M., AL, ABN], David Gellen Sehood of Madicive, and Deputuss) of

Depanmen ¢f Commmaity and Envioemestal Medscins
THH), Michi Soliciie

puosic
Trnds mamsseript was seet 1o Joreph Logcalze, Consiting Edior, Fox seview by expest seferees, edimrisd decision, and final disgpeafon
of Medicine, Travid Gaffen Seboel of Madisine 19853 Lo Cosse Ave, CHES 52175, Boa 952650,

Crerespesdanoe W Andie Mel, MD, Fh), Bepartmeat
Lam Aageles, CA 00005, E-mail ANdl@ esedee ucleeds
£ 2008 American Hean Ansocisdon, bic.

Circulation Revearch s avnitablc at hitplireresabajotenalierg

Stize 1 r7, East Lansing.

DOI: 101ISUCTRCRESARA J0T.164570

Downloaded from circres ahS8mals.ong by on May 7, 2000

GL14 Continued

590 Circulotion Research  March 14, 2008,

thet the proatheropenic effects of PM arc clinjeally rele-
vanl?® Alr poiluticn bas also been linked fo the triggering of
scule coronary jschemic events in hamaas, inchading niyo-
cardial infarction.®

We have demonstrated that ambient PM excris proinflas-
matory effects in wrget colls such as endothelial cells,™
macrophages,! and epithelial cells® threngh the generation
of reactive oxygen species (ROS) and omidative sress 11T
These prooxulative effects are medisted, in par, by redox-
cycling organic chemicals and transiton metals that wre
present or the particle surface.! Amiient PM can synesgize
with nxidized phosphalipids in the induction of a wide away
of genes invalved in vascular inflammatory procesics sizch s
atheroeclerosis " Moreover, when companng concenirmed
ambient panticles (CAPs) of various sizes in the Los Angeles
‘basie, UFPs were shown to have the highest conteut of redos
cycling chemicals and therefore displayed the largest prooxi-
deut potential, botk shictieally and biotically.* We hypoth-
exized, thorefore, that UFPs may conoentrale some of the PM
P s effects by T ing prooxidant end peoin-
Fammutery effects. We wsed the particle concentrator lexh-
nulogy availsble in the Southemn Califoraia Particls Center 1o
evaluate e jc potential of 4 UFPs
versus consenmated FM; s in apok-aull mice, In additicn, we
evaluated the effects of particle sxposares on the plasma
high-density Bpoprotein {(HDL) antiinflammatory actvity as
well as markers of systemic oxidative smess. Our data show
that UFPs ae more proatherogenic, cxert the stromgest
procxidative effects, md are associatzd with the largest
decrease in HDL protective activity. These dota are of
considerable significance from a regulatory perspective.

Materials and Methods
Detiled methods about histalogy, imctuncbistochemistry, hlood
chemistry, monocyle chemoticlis kY, fiidl peroidation ssay,
RNA extraction, and reab-tire RT-PCR can be found in the celine
dia supy a0 b dhajornals e7g.

Animals and Diet

The Animal Reseach Consmittze st The University of Califomis st
Loy Angebes (UCLA) appraved all anieal peotocals. Apef™
(Csmllﬁlbl;lwﬂd:mhwk: were obesined from The Jecksor:
Laboratory (Ber Harbar, Me), Awinals were brovght to the UCLA
smical facilite ot 4 weeks of gge. Mice were fod 2 gl chaw dict
(NTH-31 modified 6% diet; Haden Tekled, Madison, Wis). Bath
water and food wers administercd od libitim. Animals were e
oy a3sigaed 1o 3 grusps (n=r17groug) et were seait to & mobils
inhalition woxicology baratiey located 300 metens from the 110
Fuerway. This freeway carries a high vobome of gasoline ard desc]
e vebicle treasit, resulting in high levels of PMy, s and UFP
counts al the expasute site (Table), The mubsle rescarch labocatory
CAICARF: 1) is wned by Mickipan Suie University.!* Mice were
sobjected o CAP caposuses starting at 6 weeks of age over 3 $0-day
peviod. One acese it the FF group aad 2 in the UFP group died
dusing, the course of the study, Animals wese euthnized 34 o S8
hoars. aftes completion of the Mot CAP exposwe. and noftas and
wvarious ofgass were barvested. Befween expoisiei INES WIS
boased in a Flazelion chumbes'? that was ventilated with eir from
which 099% of the incident partiches wors emaved by 2 HEPA
filier.

CAP Exposures and Chemical Characterization
Whele-body exposures were pecformed siznaiaceantly i sessioes
of $ bouzs per day, 3 dys per wees, for & combined icial of 75 beurs.

Table, Characteristics of Experiments! Exposure Protocol of
ApoE-Nult Wice Fed & Normal Chow Diat

Eperimertal Fanmeter

Emigs FA PP, 5P
Expasuee tima (das) THDZI0 e 1212200
Expesare e (our) b

Tkl wwsient paects na. (particealsn’ 342 (+05Gx 10"
Mo, concastrason In FA ehamibet <80t
fpertcitm’y

M. corcertraton in FP chamber 456 {=1.0810°
fpaticeston’)

Calesratod UFP 0. contentration ba e FF 288 (=108
chanber (partelesfory

Mo, consertreics N UFP eharber £.50 (=123 10
iporticiesion’)

Rt of U7 b ths 7P vg Thes UFF chamber LETY)

P chmber particie evichment factse 1235 (=18

LEF cramibes peetiche orichment fastor 16.4(=18)

Mass i FP pipoass chamber [ugn) M|
Mars @ UFP expomre camber (up/m’ 1126
Pz e In rblest air gy 7578
LEP mass In ambitt 1 (uoim 841

FA, FP, and LEP grups wen egosd i 4 motls losorstory bosied =
dowsttown Les Argeies. Vidoes showd an meenaf 5. “Ths mio was
ctamed by tedecng e paritie no I Za PP chamber by 15%, which
ppresests the corTouBon of patces in the 0.18-2.5 4= rge. Ths du

=24 Increee in surl EE=

i rusumed.

Purticle coscentratar techmology was wsed to dobiver the CAP
exposures, Thret sarimal gioups were simulizneously exposed to
atmiaspheres doniaining, conceavated particles of <25 we (FPS).
particies of <0U1% pm {UFPs), endt filtered aiv (FA), Briefly, sabiea
air was draem dirouph un aluminem doct isto the VACES (Versatle
Assosol Coocentration Enrichmeot System)*17 and dsbvered 1o
whte-bady expostre chambert. /% The FP and UFF asrosal con-
centrators deiivercd D01 1o 25w sd G- 1o 0.1Ropm serosch,
respectively (Table). The FP stisosphere included sub-18 pm pars-
ches kit wese ~40% fower partcles then in the UTT chamber.
Temgpsremen 204 airflow were controlled 1 ensure adoquats vent-
latien end mininvre beikep of snimal-geacreied darder. Emonia,
€0, end thermal stress. Mobilization of mice betweea the Heaslion
chasmber g the exposuses chambers wes podormed over the
shortest e pericd possible 10 fimit the exposizs w zmbicnl air PM
i the Tailer. CAP sumiber concenmativns wers measared with a T51
72 Cendensaton Pardele Counter, and pantzle mass soacentation
was assessod with 2 Dotal AM Mode! DE-2000,

Pasticle jon aed clemental CAP ition were
rmeasured by particle collection on ¥P-mm Teflon Wiens (FYFE
T pore, Gebman Science, Ann Arbor, Mich). Concentrations of
ienzganic bons (sulfute and gitrate), lemental carbon, organic carbon
{0C), palyzyclic i H 4 particle-
bound trace elemests and metals was performed &5 previouely
deseribed -5

Statisticul Analysis

Al data 4t welest d ezh
Drifforences between cxprrmental graups were acalyzed by 1-way
ANOVA with a 1-tailed Fisher protecied Jeast-sigrificancs iffer-
e (PLSDY post hoc analtysis test. Differsnces were consiered
mistically significsst &1 P05,
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Results

UFP Exposures Are Enriched in OC Substances
Such As PAHS
Six-week-old male apoE-eull mice were exposed in a mobite
inbalution toxicology laboratory in downtown Loz Angeles
CAPs in the size range of <35 uwm (FP exposures) or
<0& jm (UFP exposares), Coctrols consisted of mice
expased 1o FA (Figure 1A). Animals werc simuhapesusly
exposed ta UFPs, FPs, and FA for a iotal of 75 houss over a
40-day time period while being keps on a chow dict. The
ditions and pamicle istics in the FP
1 ihe Table. Because the
FP atmosphere inchuded pusticles of <018 pm {UFP1) that
accounted for up to 85% of the toad particle number, the
scwal pumber of these sub-0.E pm particies was ~84%
greater in the UFFP chamiber (Table), despice a tots] UFF mass
chat was approximately ore-guartel of the FP mass. Assum:
ing a roughly spherical shape for the partiches, this 44%
increase in seb-0.18 pm pasticle nupbers in the UFP cham-
ber translates inte an ~=2-fold intreass in the pasticle suface
arca, This was #lso accompanicd by an = 2-fold ncreass in
fractional O content (Figure 1B and 1), which is thearet
ically more bicavailable than the smaller organic fraction on
FPs (Figare 1B), Thus, the increased pasticle nomber, greater
surface arca, and higher fractional casbon composition could
combine to deliver a much highes biclogical effeclive dose of
the injorious components in the UFP compersd with the FP
chamber. In fact, measerement of 2 set of signaturs PAHs in
filter samples that were collezted concurently with the CAF
exposurcs, demonstraced that e PAH content of the UFPs
was roughly twice as kigh as the FF content when eomested
for a per mass basis (Fagure 23 Althaugh there is we definiive
evidence mat FAHS ace those responsible for adverse candio-
vassubar effects, we have previously demonstrated that their
sbundance is o good proxy for the prooxidant potentizl
of P

UFF Exp Promotes Ath Terosi:

Exposurt to the UFP ammosghere for 75 hours aver 2 40-day
interval resuled in 35% greaser aonic atherosclerotic lesion
development (33 01123741, n=15) as compaced with FA
controls (21 36252864, n=14; P=0.002) (Figure 3). Expo-
sure Lo the FP sunosphers resuited in a similar trend bat af
Tesser magnitade (P=0.1). Intzreatingly, UFP mice exhibited

Figure 1. CAP sugosures. &, Expeirnon-
tal protocel. Thres groups (n=17) &f
-wiek-oid male apok-nu mice wers
axphsnd 13 FA, Piiss end I of

<0,18 pm (JFPy for 40 duys. Band G,
Cnemcal compesition of CAPs. UFP s
had a greater conbard of crganic £ eie-
rental carbon than FP air. Partiste

einseried i Materials and Mothpds.

2 25% increase in atherosclerotic lesions in comparison with
F¥ ruiee (26 361 = 2275, n=16, P=40.04), which suggests that
ihe smaliest particles we indeed mare proatherogenic.

Histological analysis revealed thar lesions were peedomi
nantly comprised of haps infilration with i il
lipid accomalation (foam cell) (Figure 4). These cells
contzibiated, on average, >85% of the total jesional area in all
the groups (supplemental Tsble 1) UFP-sxposed animals
developed more extensive as well 25 thicker stheroscherotic
plaques that showed the same relative abimdance of macio-
phages and smooh muscle cells, a5 determined by MOMA-2
and a-actn immunchistcchoncal staning (Figure & and
supplemental Table 1),

Exposure to Ambicnt CAPs Results in Loss of
HDL Aptiinflasmuuatory Properties

FF but not UFP exposures resulted in a small bt sigoificant
increate in plasma wotal cholesterol in compariten w other
groups (supplemental Table 11 Alhough il snimals dis-
phayest similar Jevels of phasma HDL. cholestere] (supplemen-
tal Tabbe 113, we did obscrve o ciange in HDL antiinflamms-
tory properties. This was demonstrated by comparieg the
aotinflammatory protsctive capacity of HDL sgaiest LDL-

Figure 2. OC compasitian. Mass cancentralion frastion of FAMs
it the PP jgrag} and UFP (black) clasnbars. Cata am shown
naragram per miligran of P mass and repossent the avertigs
of compeasition analyss perormed on fllor samples colected
for 2 experimerts. PAH saalys was periormed by mesna of

s chromelograpty-INALS Spectmecopy as described.*1%
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Agriic leslon aren fpmisection)

;"“:"ﬂl"‘m 5000 | 3mmac | sswact |

Figura 3, UFF i tho most peoatharogenic P faction, Athero-
aclarotic lesians wore quantiatvely analyzed in seral sortic rool
wactions gnd stuined with oil et O. Lesional ares was scored
s EquAts mECTOmMte? per seclicn, averiged 225 Baction: per
Pars. Ore FA mausa wan an abwious cutier In s grovp and
reryoved frem the elleroacierotic osion anatysis, Howiver, s
inctusion id not mody the oversl significance. FA mica are
reprocamied by dolted circles: [ne=14}, FPs by sirippod cecles
=16, and UFPs by flled circles (1=13].

induced chemotaxis (Figure S}, Plasma HIM from both FP
ard UFP animals exhibitcd significantly less protective e
than HDL from the FA geeup (Figure 3). Mareover, the
antiinfiammatory elfect of HDL fiom the UFF groop was
significantly desreased compared with the FP group. Thess
results are in pood agreement with the exteat of vascular
Iesions in the different animal grougs, suggesting that a
Pi-induced decrease in the HDL antimflammanory proles
tive eapacity could contribate 1 alieTogensis.

UFP Exposure Leads to the Expression of
i kers of Oxidative Stress and

Activation of the Unfolded Protein Response

Ome of te major mechamistic hypolesss regarding PM
injury is the ability of the particles 1o induce ROS production
and oxidative stress, To probe for lhe presecse of oxidative

Wigrated moncoyins Mokl

o aoEnon SMLOL + SHHRL RN FRHOL  LFFHEL

concitian

Figure 6. FM exposure loas 1o 2 loss o HOL antiflamnatory
properties. Focted plasma HEL from FA fi=16), FP n=16) and
LEP mice (v=15) wan added ba comuftures of human erery wall
colls in the presence of standard [5id] human LDL, as described
i Mateeints and Mathods, Vauos i expresasd a2 mens=
'SEM of the number of migratec monocyis in 9 fiokis, Stalisti-
eal mnalysis was perfonmed by 1w AMOVA (Fisher FLSD).

stress, we explored whether CAP exposure could resalt in
lipid peroxidation in the Hver. We observed seatistially
sigrificant increases in the hepatic malondiakdelyde (MDA)
Jevels in: the UFP compared with the FA groep (P=002)
(Figwe 6). FP mice also demanstrawd ipcreases in lipid
pesoxidation compared with (he FA group (P=0.03). These
Adata suggest that CAF exposure leads to systemmic oxidaive
streas.

We also explored whether differences in lipid peroxidation
were accompanied by phass 1l sntioxidant respanses that are
mediated via he pdS-NFEZ-selaed wranscripaon factor 2,
N2t This constitutes one of the most sensitive oxidative
stress effects tht can be traced to prooxidative M in vitro
and in vive,! ' UFP mice exhibited a significant increase in
the exprossion of Nef2 as well a5 genes that are secondarity
regulased by this transcription factor (Figure 71 Indeed, UFF
mice displayed Nef2 mRNA levels thot were G685 greater
than FA sedd FP mice (P=000), Likewisz, as compased with
the EA group, UFP mice displayed sipnificantly grester levels
of catalase {3.7-fold), ghitathions S-uensferase Ya (5.3-fold).
MAD(IH-quinone oxidareductase. 1 (18-fobt), and supsrox-
s dismistate 3 (1.4-fold) (Figure 7). Interestingly, increased

i idai was also jedd by the activation

Figura 4. Representative histological
photsmicrograpts. A throygh ©. O rad
© enalining for noutra? plds in

tative sorke roof sections of FA (), FP
{8, =nd UFP () mice. D theough F,
MAOMA-? Immunchistochemical

shorem in the 1op row, o
Aha same FA (04, FP (E), and UFP F
mica. Bolh off red O and MOMA-2 stain-
ing yietdnd rod-stuned areas. UFP mico
exivbinsd maen wansive Elhoroasianots
plequas C and F) than FP (B and &) o
FA arévals (& and Dy, o conaisting pri-
masiy of foam colis and macrophages
(lutty streas). Original mageification,
W00,
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Liver MDA (nmalig)

o8 ZERHEESE

FA FP L

UFF - 14) froups. Statistcal analysis was performed oy A-wy
ANOVA (1-talad Fisher PLED)

of U unfolded protein response in the liver bocause ths
UFP-exposed mice displayed 41% and 374% grester expres-
sion of activating mwnscription factor 4 than FP mice
{P=0,01) and FA contrals (P=0.02) (Figare 7).

Discussion
We demonstrate that atherosclesotic plague fonmstion
apali-null male mice is enhanced by exposure to sub-Ju18 wm
particles, Miee exposed to UFP: alone eabibited greater and
‘mare advanced lesions compared with FA- or FP-exgosed
animals. UFP sice also showed a comperatively greater
decline in the antinflammatory capecity of plasma HEL w
well as increased phase I enzyme mENA ton in ke

Araujo et al

Air Pollution end Atheresclerosis 595

Figure 7. UFP exposure kads to upreguiation of antloalsst
gensns in the Bvar. mMANA Jevels for antioaidant genes werd
detpomined by cuantalive PCR in he Bvers of chow-fod mica
15 CAPS Tor 40 gays. Valuss ars expressed as e
mnans=SEM of MANA kel normalzed by f-ectin mEkA Ten
et per QUOUR wers aasayed in dupleaie. Swtstcs? sy~

sin wak perforred by T-way ANIVA [1-taied Faher PLED,

P<005. ATFS ndicatos activating transcriplion facior 4, G

¥a, ghotatnicne S-tranderase Ya; NOO-1, KADIFHH-qu inane oxi-
1. 5002, o o %

Jiver. These results support the hypothesis that exposare (]
UFPs may enhance atherosclerosis vis the pramation ef
systemie prooxidant ard proinflammatony effects.

Orar study sigrificantly exiends previous datu shierwing that

PM p lesion development in ani-
malsA-# The fael thet FP mice displayed a nhastatistically
sgnificant trend to develop more ic lesions than

FA ceatels could be atuibutable o the relatively short
curation of or exposure (40 days), which stands in coatast
10 e - 10 S-month expasire period that ws previoosly weed
1o demonstrate 4 45% to SE% Increment i athezoscherotic
Jesian development during PMy, eapuse #* Of intorest, ous
LFP animals exbibited @ similar 55% increment over FA
controls despite an exposwre duration that was 4 w5 et
shorter, indicating the greater proatherogenic toxicity of
sub-0.18 pm particles. This supparts the notion that the
adverse cardiovascular effeets of PM are exaggersted by a
small paricle size.

A mumber of injury mechanisms have been proposed 1o
explain the adverse health effects of PM, incliding its ability
1o simelate oxidative stress and inflammation, altcs blood
clottng, stimalens autenomic nesveus sysiem astivity, or act

intisies proinflammatoey sigrating caseades, including the
Jon kinase and mackear facior «B cascades?®S3 thil are
relevant 1o 5. According 1o the b ical ois
darive sress hyperthesls, the indection of Nef2-ingaced phase
1 enzyme expression is an integral oxidative siress protective
pathway thal acts o3 & sensitive markes for-oxidative strzss®
Indzed, bmportant cytopretestive, antiinflaemarory snd auti-
cxidant phase 11 enaymes incleding cataluse, superoxide

dismudzse 2, glutathione Samnderse Ya, and NADIE-

quinone 1 wese al si

i the liver of UFP imice (Figuze 7) and, together with NefZ

upregilation, supgest the triggering of a NriZ-driven antion-
dant response. .

Cur results support the motion that the gencmtion of
systemic onidative stress is respomaible for the observed

wascular effects, Possible explanations for these systems
effects are; Fimt, inbaled pasticls nmy release organic

cheavicals and transition metals from the Jung to the systemic

jzculation, Second, pulmonary i cauld lead
the release of RO, eytakines and i &
circakaion, Although we did not obssrve any major increass

a5 & carrier for endotoxin.! A key injury appess
10 be the g ol indl o as @ direet

of the ghility of ambient paricles and their adsorbed chemi-
eals to induoe ROS and oxidative swess. Oxidative stess

in infl cells draring, the performance of bronchoal:
veclar lavage in ibess mice, futore studics will need 10
address whether any subrle proinflammatary effects in the
Taung could play a role. Third, UFPe could gain access (o the.

Downipeded fom circres.ahejoamals.org by on May 7, 2009

GL14 Continued

§94  Circulation Rescorch March 14, zr_ms

systemic circlation by direedly penctrating the alveolacl
capillary barrier® However, this possibility is still conmo-
versial. Although reports of the syswmic ranslocation of
mTe.iabeled ulirafice carbon pariicles™ or 2lbarmin panocal-
Tnid particles of <8 rm® have appearcd in the literatuse,
skepticism has been expressed sbout the stability of the
Tabeling procedures. Moreover, the same has not been dem-
onstrated for amibéenl ais “nanaparticles.”

The particles or their chemicals may generate ROS sys-
temically via a sumber of different pathways, incloding redox
eycling of quinenes, metabolism and functionalization of
PAHs, activation of kukocyte NADFH oxidase and myelo-
peronidase, or isterference in 1-electron transfers in the
mitochendrial inner membrane ™ It is also possible that the
parficles themselves or their chemical compenents may syn-

diessl exanst panticle chermeals induce an uafolded profein
esponse in bronchial epishelial eells.® Changes in HDL
fumction were: ohicrved in the absence of changes oo HDL
guantitative levels. On Qi other hand, FP exposuses didd result
in greater toral cholesterol levels in the FP vemsus FA mice,
wheteas UFY levels were unaffected, These bighsr cholester-
ol levels in the FF mice may have resulted in narrowing of the
differences in atheroscleseshs in between FP and UFT mice
that otherwise could have been larger than the 23% cheerved
ditfereuce. Consistent with our renules, it has been peponicd
that the HDL anfinfismmatory profile can be hampered by
environnental factors sech & (e exposare to prooxidtive
chemicals priseat in cigarene smeke.™ For example, mice
exposed 1o secomcl-hand smoke develop  dysfunctional
HOL A possible mechamism could be interference wilk

d becithin t Betivities

ergize with oxidized LDL ia p fint cell
dysfunction. Tndeed, we have shown that ambient PM can
synergize with oxidized phiospholipids in the induction ofa

by redex-active chemical compounds. In particular, peooxic
detive PM chericals may affeet critical thicl groaps that are

large mumbet of gencs in a uman tiredial
cell line, many of which belong to aatioxidant, proinflamma-
nary, ecfolded protein responss, or proapoplotic pathways.'?
ROS gescration and anfioaidant respanses constitule 3 dy-
namic equilibrinm. The greater proonidant stizutus detivered
by the UFPs coold be mare prone W overwhebm the concom
itant generation of a protective antioxidant respense. Om the
gther hend, it is interesting that no differences were nuted
berween the FP asd UFP exposwses in the MDA assay.
Altiough the methodology used is sensitive and specific for
e determination of MDA thers ae several limatations in
thir assay in reflecting the degree of lipid peronidation, as
reviewsd by Janero et a1 3%, such as: {1) MDA yickd as aresul
of lipid peronidation varics with the natuze of the polyuessl-
wrated faty acids peroxidized (especially its degree of unsat-
wration) and the peroxidation stimulus; (2) ouly certain lipid
oxidation products dcompose to yiekd MDA; (3) MDA is
only ope of several (aldehydic) end products of famy peroaide
formation and decompesition; (4) the peroxidation euviron-
ment inflcences both the formation of lipid-derived MDA
precursars and their decomposition to MDA (53 MDA fsell
is & reactive sehstance thit ean he oxidatively and mctabol-
ically degraded, (8) exidative injury to nonlipid biomeiscuies
huﬂ:mnr}lmwmma.‘nws,ifﬁmduﬂ'
exposares impacted these factors in o different exteat, it may
explain a grester degrec of lipid peronidation not reflected by
the MDA measursments.

PMeindsced systemic inflammaticn and oxidative strest
could also adversely sffect lipopratein fusction, including
inserfering im the beneficiary effects of HDL on severse
cholesteral transport™ and the antinflsmmatosy*! effects of
this lipaprotsio fraction. Indecd, both FP 2nd UFP mice
exlibited the development of dysfunctionsl HDL, which was

ible for e exulyic activity of paraoxenass, eading
0 increased susceptibility to atherosclerosis.

“The fact that the FP mmasphese contzing bety UFPs and
particles of =018 pm maket interpretation of tose data
complen, However, we have shown that the 29% differzace
iu athesosclerdgic Jesion scores could be explained by the
4% mercase in UFP particle numbes (Table and Figure 3).
Total particle mass was cleardy nat a cctormining facror
beczuse the FP atnospbere had ~3.9-Told greates mass than
the UFP scrosal. What is Tikely significant is that UFPs have
an ==2-fold increase in the OC and PAH content on 4 per mass
basis [Figures | und 2). 1t s possible (3a: these proanidative
components could be dehvered from a surface anca that i%
wwice a5 big in particles associated with the UFF atmosphere.
Althangh we carnot claim that the PAHs are sctually respoa-
sible for the lasidh development, these orpanic chemical
compounds are 3 good proxy for the prooxidative posestial of
UFPst

How do our experimental atmaspheses relase to real life

sures? The particle nurubers in our study were 2- 10
Gefigld higher than the in-vehicls exposures that commuters.
may encoumter while traveling an Les Angeles freeways ™ I
was ot lagistically feasible w0 perform detsiled dose- and
time-response studies; this type of das will be impostant to
abtain in fusure sradies. Alhough it would ciearly be advan-
sageous w0 know the minimn exposure that is requized for

jic effects, previows epidemiological studies have
shown that eardiovasculer morbidity acd marality increase
linearly without & threshold effect™ Differsnces ln the
physialogy of genetically susceptible animals and bumans
alto have 10 be taken into consideration when exirapolating
this work to cardiovascular disease in humani.

In conclusion, we demonstrate that UFP exposures have 3

mare severs in the latter group in femms of i
wory potential (Figuse 5. Soch proinilummatory effects wee
also supparted by the greater expression of pctivating fran-
seription factor 4 in liver, an unfolded protein response
componcat that we have shown to cxert proinflameaseny
effects in cndothelial cells by inducing the expression of
P le pro

L potential than FP exposares, Thess
effects coeld be linked w0 a grester propensity of UFPs 10
generate systemic oxidalive stress and 1o interfere with the
artiinfiammatery capasity of plasme HOL. Cur findings are
impertant in explaining how ambient PM may contribat o
daily total and cardiovascalar mortalicy.* Although such an

i kin-E, and monccyte pro-
trin 1.5 Likewise, we have also shown that prooxidative

has been i Iy for PMy, aad
PMas 24 we demonstete that UFP exposore could be of
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even greater relevance. Fusther epitemiological and cupen-
mental data callection ar required 1o determine the eritical
physicochemice] and roxicological properties of UFP: in
Twrmans.
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Araujo et al. Air poltution and atherosclerosis . =]

ONLINE SUPP N

MATERIALS AND METHODS

. Histology and immunohistochemistry

Atherosclerotic lesions in the aortic root were quantitatively analyzed as previously deseribed '
Briefly, the upper portion of the heart and proximal aorta was excised and embedded in OCT
compound (Tissue-Tek) and frozen 2. Serial 10-pm-thick cryosections in the aortic .run(.
heginning ot the level of the appearance of the zoctic valve, were cullecto.d for a distance of 500
pm. A total of 25 sections, selected as every other section collected ever the entire region, were
stained with Oil Red O and © d with hemataxylin. The lipid ining area on each

section was delermined by using a mi pe eyepiece grid and exy

4 in pn® Jesional

area/section. The mean value of lesional areas among the 500 pm- spanning sections was referred -

as the aortic lesion score (pm’fsection).  Cellular composition  was assessed by
histochemical staining of alternating sections 10 those stained with Oil Red O, in 3

sections per animal snd averaged over four animals per group. Assessment was performed for

macrophages (MOMA-2, Beckman Coulter} and smooth muscle eells (smooth muscle aeactin,
Spring Bioscience). Planimetric analysis was performed at 10X using ImagePro Plus software.

Relative content of ph andfor smooth muscle cells was determined by the pereeniage

of the positively-stained area over the entire lesional area.

Blood chemistry .
Retro-orhitel bleeding was performed under isoflurane anesthesia in 6-hour fasting animals, 1

week prior to the onset (§ weeks of age) as well as at the terminati of the exy P

d by enzymatic assays as

{11 weeks of age). Plasma total and HDL cholestero! were
previously described 2,

Manacyte Chemotaxis Assay
This assay evaluates the protective capacity of HDL zgainst LDL-induced monacyte chemaotactic

activity. Monocytes were isolated from blood obteined from a large pool of healthy donors at the

h Unit. Human aortic endothelial cells

UCLA Division of C v
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Aravjo et al. Air pallution ard atberosclerosis 2

{HAEC) and human sortic smooth muscle cells (SMC) were isolated from trimmings of fresh
surgical aortic specimens from normal donor hearts during transplantation. Endathelial ana
smooth muscle cells were grown, propagated and used for forming an artery wall model in
culture. Cocultures of HAEC and SMC were treated for 18 hours with a standard source of
human LDL (100 pg LDL protein/ml), in the absence or presence of a standard source of human
or murine HDL (50 pg HDL protein/ml). The LDL and HDL were isolated from normal standard
plasma by FPLC*. The cells were then washed and incubated in fresh culture medium for 8

hours, following which |

were d o assess monoeyte chemotactic activity after
40-fold dilution, which is expressed as the number of monceytes that have transmigrated per
high power field, HPF *. LDL-induced b e activity is mostly (70 +/- 4%) a
result of the induction of MCP] i imulated by oxidized phospholipids that form during

the oxidation of LDL by the artery wall cells to generate minimally oxidized LDL *. HDL ability

- to block monocyte chemotaxis comelates with its antioxidant capacity that decreases the

generation of minimally oxidized LDL, resulting in inhibition of MCP1 induction and decreased

monocyte binding and migration **.

Lipid Peraxidation Assay
Malondialdelyde (MDA) content was d in liver h with a colorimetric assay
(Oxisk h, OR) fing to the s instructions *. A standard curve was used to

celculate the concentration (nmolfg) ef MDA for each sample. The final MDA level represents
the average of 14-16 age-matched animals/group.

RNA extraction and real-time RT-PCR
Total RNA was extracted from liver fissue with the Trizol method (Invitrogen). Reverse
transcription was performed using 1 pg of RNA with the iScript cDNA Synthesis kit (Bio-Rad,

Hercules, CA). Quantitati I-time poly chain reaction (qPCR) was used to measure
tissue mBINA expression for heme oxyg 1 (HO-1), NF-E2-related factor-2 (Nrf2), catalase,
superoxide dismurase 2 (SOD2), NAD(P)H-q¢ i idercductase | (NQOI), glutathi s

transferase-Ya (GST-Ya), activating transcription factor (ATF4) and P-actin, utilizing specific
PCR primers ', The reactions were performed in duplicate on an ABI Prism 7000 (Applied
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Araujo et al. Air pollution and atherosclerosis

CA, USA) using iQ Sybr Green Supermix (Bio-Rad). Reactions were
°C for 3 min, 40

Biosystems, Foster City,
performed with 0.4 1M of primers and | ug of cDNA template as follows: 93

cycles of 95°C for 15 sec, 5% - 64°C for 30 sec and 72°C for 30 sec. A standard curve was

created from serial dilutions of a pooled sample of cONA. Gene expression was normalized to -

actin. PCR levels were displayed as arbitrary unils.
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+ b - 5. F SMC actin (% . FA
Group MOMA-2 (%) | p(vs.FA) | SMCactin(%} | p (v FA) Total cbolesterot | HIDL cholesterol
. 547 1425 | tmeen | (egd)
;? :6:" 560 = 058 Basdline |
j 5 ) X YR N e R DES ]
L o . 2 LS ¥ (n=17) 355 4 13 11+ 1
UEP (p=17) 352 4H-12 A
MOMA-? and SMC a-actin immunchistechemical staining were performed in 3 sections/animal | End of protecal
. . FA {n=16) 97+ 13 LTS
{n=4 animals/group). Planimetric analysis was performed at 10X using ImagePro Plus software. FF (n=16) 4521 541
Data shown represent mean £ SE of positive stained arcaltotal Jesion area x 100, Statistical : |’uﬁ(n—-|5} 402+ 19 &+ 0.5

analysis was performed by one-way ANOVA with Fisher's PLSD post hoc analysis. FA: filtered

air, FP: fine particles, UFP: ultrafine particles. ]
Mice were bled after 6-hour fasting. Baseline samples were collected one week prior 10 the
beginning of

hours after the last exposure. Values are given as mean & SE (mg/dl). NM: not measured. ¥ p

pratocols. ples taken at the ond of the protocols were collected 24

(vs. FA group) < 000, T p (vs. UFP group) < 0.05. FA: filtered air, FP: fine particles, UFP:
ultrafine particles.
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gmaﬁne Particulate Pollutants Induce Oxidative Stress and Mitochondrial
amage

Ming Li,'* Constantines Sioutss. ™ Arthur Cho* Debra Schmitz>* Chandan Misra* Joan Sempt®
Maiying Wang,'2 Terry Oberley,** John Froines*’ and Andre Nel'?

Vuperment of Medicing, University of Calformia, Los Angelus, Califormia, USA; “The Southern Colfernic Particls Canter and Supersite,
Lot Angeles, Cailarmia, USA; 3 of Chl ingering, Uri ef Southarn Californe, Los Angoles,
Californie, USA; *Dep of Malecula: lcat Unlversity of Cal¥omia, Les Angeles, Califomnia, USA
Seathology Servics, Vetarana Admisistratiun Medical Caer, Madisan, Wisomin, USA: FDepanment of Pathology and Laborstory
Medicine, Univarsity of Wiscomsin, Madison, Wiscansin, USA: "Certer for Occupations! and Envirsnmental Health, Unkeersity of

Caiffornia, Los Angeles, Colifarais, USA

 thei upeike in macrphages asd

b ohjeciives of this mudy wére o driereine whather diffrrreces 15 Fné sire aad coemp i
_gv_gs-:nm.mu_u_mmwngmmswﬁhmmﬂﬁmi'
epinhelial eclls a4 chei ahility 1o fodice aridaive striss. The -

;. cia that vasious FM o ducr peal ¥’

PAHs wis confizmed by demoastrating thar
i ic ard pelar frac

P nia
tins of DIER stracs mimic the pro-vaidative
effects of insact panicles in branchial egithelial
celly and

presnse for il suidy i the &

Searenion hosigh'dhe pescation of eidecve
oo

S " g A
stress Couret, i, 4ol dhrafine particles (UFPY) -

¥

i the Loa Angeles buais da Callforwia s wsed 10

. seudy their chaemsical camposition b parallel wich suscys fo penerasive of feunive srypen gpedies |
OS5} mned shility 1o induce aidstive siveas I, magopbages and epidelis] eells, UFPy foere eson
potent wward indecig celalar heme expgenase-1 (HO-1) expression aad depleing imreelhilad
;m.m1m.-&mm&ﬂa*nhammmﬂk
. high oegasic cxthus and polyoydic stoistic bydivarbea (PAIL content of UTPs. The ditkic-
 sheetiol (DTT) asssy, 3 quisticative meansrs of &8 o ROS fofmating, was coarclated wdch.PAH

content and HO-1 experssion. UFPs s bad the

thve nezall shze- of UFPs Sllows beizer flasc’

cellulzr bsculization. UFPs and, 50 3 lesser rmarss,

ral d

highess KOS acsiviiy in the DTT asssy, Booms

, e used alectnes microionpy to study sub-
Fime'purticles; bacskiee i mitochondris, wheee

they indute

skt chemicals ard dheis bty o

strate that the iberiaded binlogical potescy of URPy is réfated 1o the cointest 6f sedox opdi :
i ia. il d ashi

icles, dithiothreiial ssssy, beme

Epsdemictogie sudies bave shown associations
permeen anabicrt aic paricelate mane: (PM)
and adverse health ourcomes, including
insressed monalisy, emergency room visi,
and tirne bose from work and schoct {Dockery
exal. 1993 Health Effecu Insvivare (HED)
2002; Samet ex al. 2000; Wickmann et al.
2000]. The underlying toxicologic mecha-
nisms by whih air pollutant parteles induce
adverse healeh effects are of intease scisatific
intenzst and have been earmarked a3 3 ey s3-
ensific priority by the National Acsdemy of
Sciences [Mational Research Council (NRC)
1993]. This inclades a call for research on the
physicachermical propertics that promts part

ele rouiciey (NRC 1998}, PM with aerody-
e dameres < 2.5 g (PMy o) b curremily

oxygsnsse 1, michondrial darasfe, ot sivss, polycyeic
asomatic hydrocahon, ultafine particles. Fapivon Health Perspees 111455460 (2003},
| o 10.12891chp. 6000 graille via brplidedd angf|Outipe 16 Preember 3003 %00

UFFy have unique charsereristics, inchuding
increased ion of onganic melecules and
exhanced ability 10 penetrate cellular targets in
the lung and sysemic circulation (Framptan

2002, Nemmar et al. 2002;

phrages (L er 2l 2000, 20025).
DEP: alsa induce cyrechrome P4S0 1AL
induction in bronchisl epithelial cells
{Borvallos ec al. 2001). Aniesl and human
expesimenis confitms tha DEPs and PAHs
desived from DEPs promote lergic airway
inflammation and cyrachsome P450 1A1
induction in the luags of exposed mice

e al. 1908, Nelesal 1998; Taksno
eral. 2002; Toien e al. 1997). Epidemiologic
snadies bave sl shown 18 sssociation between,
PM exposure and asthma exacerbation
(Memmar er ¢l 2002; Penrticen ex 2l 2004
Whiel and Frampran 2000).

The Vernatils Aerosel Concentiation
Enrichmens Sysiem (VACES], which uses
three parallel samling lines ro collest concen-
rwed ambient <oarse, fins, and eomfine -
vicls for bialogical analyics, is new available
fiox a2 in moicobogic seudies aimed at identi-
Fying the rlative vawiciry of the different parti
cle srres (Kim et al. 2001a, 200000, Thit
wechnalogy ensbles a5 vo probe the refatian-
ship between partids size, chemical compos
tioa, and woxicicy (Li et 4l 2002a). These
cocentratons are mobile and cae be wed w

M tawicisy. We ase inseresst in organic PR
compounds because arganic extracts made
Srom diesel exhaust pacticies (DEPs) mimic
{etact paeticles in theis 2hilicy w orm reactive
waypen species (ROS) (Hiura ex al. 1999,
200%: Kumagi e el 1997; Nel ex al. 1958).
On of the major advances in PM research has
been the recagaition that the organic and
metal DM components cin induce proinda-
reasoey eficces in the lung due o dheir sbility

regulated by the U5
Proseeiion Agency, Within thar spectruns of
particle sizes, ultrafine parsicles (UFPs),
defined & having an aceodynamic dismetst
< 0.1 pm, may have 3 central rele ia beabih
effects of PM [Oberddinites and Usell 2002
Sanet et ol, 2000). Pricary UFEs ane foomed

0 cause (Humagai o¢ al 1997,
Nek ex al. 1998, 2001; Saldiva et al. 2002
Quinones presens in PM €10 321 13 eswlyses 10
produce ROS diressly and may be key com-
pounds in PM-bazed axidative szrers (Monks
et al. 1992; Penning et al. 1995). PAHs cn

during gas-w-pasticke o1 during,
incupnpese fuel combusson (HET 2002), Due
ta their small size, high number concentrnon,
and relativaly bage sarface area per unic mass,

indhuce axidstive swess indicectly, thesugh bio-
o0 by ey P40, oxpouide
brdrolase. ared dbdrodiol debyd

eest hypotheses shoue particle tealcity in the
Les Anpeles basin i, Californis. Cancentrated
air particulazes (CAPs) of differen sizes wese.
collecied to study their axidative sress effscns
and subzellelar localivation in cultured
mactaphages aad epihelial cells. We demon-
strate that UFPs are mote potent chan fine
(< 2.5 pm) or coaree (2.5=10 pm) pareicles

Kitdiens cormeigenderce 10 A, N, Deparsnent of
Medizine, UCLA Schosl ef Medicine, 52175
CHS, 101333 Le Conee Avease, Los Aogeles, CA
50755 USA, Telophane: (310} R25-6620. E-mall:
ancBrocdin

et el edu

Thin srady wis vepponed by the Nasoadl lasinie
of Eavisonmencal Haaldh Scicnees (grast
ES155%) and the Southem Califomis Pamicle Cenaer
a5 Sapersive, funded by the U5,
Prosecrion Agency (STAR swand RAZ7S5200) and the
Calfmnia A Resources Boued igraom 55-3167,
'rb.‘: manwsciign bar mat beta qubjrered o the

sonmenal

genase w0
e sedon active gquinooes (Penning e ol
1999). The involvement of yuinoncs 3nd

Enviconenental Hea'th Perspectives « voomn 117 mame £ | Aped 2003

VS .
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Desemier MK
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rowsrd indusing exidative seress. This effest
sy be explained by adsorbed chemicals
{organics and metals) capable of grasrating
ROS snd the abiliry of UFTs to localive in
misnchoadra.

Materials and Methods

Ambiane particle collecsion. Ambisat carse
partiches (2 5=10 pm), fine plus elirafine par-
ickes [« 2 5 ), 2nc UFPs [« 0,15 pm] were
eollected in the Los Angeles basin during
Mawember 2001-March 2002 wsing the
VACES (im et ol 2002, 2001h). Coune
pasticles were concensrated uring a single noi-
Zle vinual impactos, while fine ard ubrafine
particles were concentrated by drawing sir

samples through rro parallel hnes, wing 2.5

anshiens PM arigirates masly from sdvectica
of polluted air parceli osiginaliy zenfied in
tban Lot Angeles, after “aging” in th aumos
phese for 4 few hours, 4g wel s from sece
ondary phosuchemicl peocesies
" Particle ebemicel amalysis. Samphes were
colleczed e Teflon and quares Rluers with 2
Mizso Orifice Uniform Depeait Impactor
(MOUDL; MSP Corporation, Shoreview.
M) for cherbeal snalysis (L1 ex o, 2002},
We uied Tefion Flrers ro determine the el
and wssce elmens coneens by Xeray fuoree
cence and quasts filters 1o deceimine the
orpani casbon (M0 p-canlyzed €Oy forma-
ion}, wlfate (ion chromawogiephy), and
aitrate (o0 chomategtsphy) contents (Li o
5. 20033), PAH content for cach CAPs set

g

pro aad 0.15 pm cut-point preimp
respectively, w temvve harger-sined parcicles
These pastiches ace diawn thiough 3 sarun-
tion—condensarion systean that grows particles
to 2-3 yen deapless, which are subsequently
ceneentrated by virnusl impaction. Highly
cancentrated pasticle suspeasions were
cbeained by cornecing the VACES eutput ta
o seesilised Tiquid impinger (BioSampler; SKC
West Inc., Fulleron, CA) (Willeke eval.
1998). Acraschs were colieczed using hrapuee
tMilli-Q; Millipare Corp., Bedtord, MAY
dripnized water (resistivity 18.2 megackms
rotal ouganic compounds < 10 ppb; particle-
free; bacesria < | cotony orming wni/ml) 2

was d by an HPLC-L
meshod that derects a signaute group of 16
FAH; (Liezal.

Celtular sesmeulaion and keme oxygenae |
(HO-1) immmuoblassing. We used cwo cell
lines in the study: RAW 264.7 wnd BEAS 2B,
RAVW 264.7 it 4 murine macrephage cdl fne
that mimics the oxiduive srecis response of
palmenaty slveclar mactophapss in responss
v DEP exposure (Hiur et al. 1599, 2000; Li
ec al. 20025). BEAS-2B isa transformed
human bronekial epitkelial cell line, which
mimics the exidarive ctress responss
maty bronchial epichetial cells (L
2002h). For RAW 264.7 caltuse, pariche sus-
pensiant were inuced with Dralbeseo's

the collection medium. The
earichmest process does nor alees the phyi
<, chemical, and marphiologi prapesties of
e paniches (Kim s al. 20012, 20016}, We
derermined the toml amount of particulste
Ioadisg i the coflection medium by malsi-
plying the 2mbient of each Ph{

Modified Exgle's Medium pawdsr, s caltute
medium eamponent thar repidly dissalves in
deipnized wasse. This culture medivm was
Burther replenisked with 1086 fera calf serum
and » 1:000 dilting of peaicillinfstrepto-

nfamphorericin B {Li et ab 2002a). For

Toods by the cora sir sample volurme collected
by each VACES line. The panicle concentra-
fion in the aquecus medium was then caleu-
Vated by dividing che parricle loading by the
ratal velume collected in dhat ke period.
Five sample fets were collecied, two ax che
University of Seuthern Calilorniz (USC), and
thre ar Clasemont. USC is 2 ypieal ueban
site locared 3 kem south of downtown Les
‘Angeles. This is 3 sire in which aerosols ate
mosly peeerarcd from fresh vehicelar ez
sions. Claremont it & fecepaf site apgraxi-
mately 43 km gase {i.e., downwind) of
downtown Los Angeles. Tn that location,

BEAS-2B cells, particle suspensions were
wunde up i hermwamlly defincd 12 medium
(Kawaski et al. 2001). Afrer incubaring eclls
for 16 h, we used W0 yg of ysate proesin for
HO-1 immarobloting (Li et al. 2000,
20074, 2002k). Densitemerric analysis was
peeformed. en a laer Personal Denaitometer
51 using ImageQuant soleware (ot from
Ametsham Bagsciences, Piscacaway. M.
GEHIGESG auay. Towl ghirhisne ind
oxidived glatathiont (GSSG) were measared
in s phucahione reduetase recycling asvay
[Tierse 1969). We caleulmed the amourt of
ol gherathinne and GSSG i the ssmples

radle 1. Mass tone: n ard fractional cam

'__'___m_________._._——’—

Feom the srandard eerves, The amount of
redacnd gurathione (GSH) was claulaied by
subtracting the amouat of GSSG fom it of
the tota glussthions.

DT sy, The dieblothueited (DT T) ssssy
quentitafvely measiores the formasian of ROS
by quinane caralysis {Kumap e al. 2002). I
e preseese of qeinars, 1 meh DTT + 2 mel
O, generane 1 mel DTT-Fusifide + 205

2: Q1+ DTT = semi- » DTT-dhiyl

b: @+ DT T-shid — seml-Q
+ DT T-disulfids
& Psmi) + 205 == 2Q ¢ 20y

sl OTThein < g
E_E

o )
DT reda actluity lrsme! DTTmi x g
Figaes 1. Caslation of PAS conent wiy RS o=
naion. (4] PAH cantent tor wach set ol LAPE ditee-
minnd by HFLE-Earuscance; vaiurs shawn are
aps 2 SEM for Chirem: 3 ard USC = b

Chasies] eoroditisn G HW B Bix_ Uladre (B B o e et expachy o LAFS wus-
e = = - saend by 2 iz aysay ual dinth
) bl 123 M3 g o % et rem cedsed OTT [fvmagal ot ol 22000
‘ 4 The mann or e
Sho b S A k- - 3 T e SO <6110 Lot ey i
The carrulation
St {u| o N 3 : & and 1D dutn poimes [ sms w353
2 4 mplestsial s s
Metsizonal gomeis 5] L] 13 -] L 5 Db tnset With the highest print ramaved, &
which 1% renans signficant at088
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Mt resction: DTT + 20, == DT T-disulfide
20,

The loss of DTT is foflowsd by it seaction
with 3,5 -dithiobis-(2-nimobenzale acid)
{DTTEL, which i convened w 5 merapin.
2-sitrobenzaic (Remagai ¢ al. 2002), We
incubsted the PM sample (550 pyfeiL) with
10y DT in 2 Tris buffer at pH 8.9 for
10-90 min. Aliquots of the incubation mix-
ture weee transfered o the DNTE soluton
and the oprical deasity read at 412 ran.
Electrow srierorcapy. We peiformed eloc-
{2 micrasapy as previously described (Yang
¢1 al. 1987). Thin secrions were ¢or with 2
Reicherr-Jung liracus and ultmicretome
{Lrics, Scutegase, Germany). Coppes geids
were stained with lead einnace and vranyl
acseate and photographed in 3 Hitachi elec
wron micioscape (Hitachi Instrument Inc.,
Tokyo, Japan].
Results
Particulate orpanic carbn and PAH contens.
To determine whether there is 2 link berween
UEP composition and bislogical effecrs,
CAPs were collecied at rwa catdoor sices in
the Los Anpeles batin with the VACES.
Chemical analvsis of dhe CAPs indicate thar

LD have 3 sgnificaatly higher argasic {7 <
0.01) and elemental earbon {{p < 0001} coa-
cent than fine plaz ulsafine (designated
“finc”} or coarse particles {Table 1} Comse
and fine parvicles bad 3 higher metal content
than UFPs (Table 1), PAH content for ech
set af CAPs was detcvmined and averaged for
bock eolleczion sites; there was a siaristically
significunt diffecence in toral PAH content in
UFPs eompased to fine (2 = 0.04) and coatse
{p = 0.03) PM {Figare 1A}, The PAH con-
vext of UEPs an USC wat signifeunly higher
than the PAH conene ar Chiremnons (Figuse
TA), which reflcezs the fact that pasicles col-
Beered 3t the source sire {USC) are desived
from primary emistions that ave far more
abundant in the urban aress of Lor Angeles
than ir recepeor asmas.

The DTT azsay of ROS formation by
particls of varying size. The sbiliy of PM w0
gererate ROS was assessed with the DTT
‘saay, Quirones with appropeise reda poren-
wials cam tramsfer edecrrans from DT 1o o=
gen (Kumagai ec al. 2602), We used this
feserian to detesreine the abilty of PM 10 geo-
erate ROS in wirs. The VT sy deman-

articylgtes induce mitochondnal damage

cycling capaciey of UFDs was 21.7- and 8.6-60ld
freater than coarse and fioe PM, respecsively
{Figare LB, Regression analysis of the DTT
assay and PAH contens showed 3 cosrchition
coeticiens (] af0.98, mggsscing the checoon.
wransfer capacity of CAPs is consistent with
theit arganic chemical conter (Eigese 1

Particl chemical compositicn and oxids-
siwe eress, Quinonzs and ocher redox-active
campoands peesent in PM generars BOS and
oudasive ssvess (umagai ot 2L 1997; Nel et al
1998). We have demenstrated thar DEP-
induced axidssive sres genemsces hisrachical
effects in pulmocary alvenlar macraphages and
broachial cpithelial cells (Li et al. 2002,
2007). Low levels of axidarive siress sctivate
snticaidant defeases, wheveas higher lovels of
oxidative stress bead 20 proinflammatory aad
cywtanic effects (Li et al, 20023, 2002k). Ar
exaingle of an ansionident respense is HO-1
ipresion via the antiouidant responss dlesent
i it promtes (Chod and Alam 1996 Liecal
2000, Vrilizing n immunchlomiag nchaique
vo sasess HO-L exporssion in RAYW 264.7 cels,
s were more patent than fice of cosrie

passicles (Figure 24). Densivomerric ambpis

sersted thae UEPs had sgnifcamily bigher edi
aciiny than fine and coase PME (Figure
Averaging of the duta revealed that the sedox

g =t

Figure 2 Isduction of oxidative stress and 110-1 sxp:
caic trasted with CAPS [Claremant Mar §2) foc 16 hr. (0 SHwers of CAFs (Claramont Jan 321 ¢
sxposure; GESUESSE valoes shown aro mean = SEM Irom two segarita wperimss, with dupli
amdysis Bemanstrating the comelzson batween in o redas activey of

dete point, Fu 0A1.

" Iy higher HO-1
expression in uleraliae over fins (7~ .01}
and coarse & » 0.001) particles, respecsively.

e
L]

H0-1 induction drmaitomstry]
&

.Iz. [E]
feduon sty sl 7T g

ression, (4] H0-1 exprassian = RAWY P47 cells axpeaed to CAPy for 18 hr, {8 HO-1 axgression in BEAS-28
the intrreaiicler GSHGESE ravio in AAW 2647 colls sl 15 br

Emviranmental Health Perspectives + vours 111 Dwnin 41 8p0) 2003

(1 [{ 12531, (6 Rag
CAPE 49 HO-} induction 115 data poims); A « 057, naec ARy renoval of the bighest

Articles | Liet ol

“The increzted potency of UEPs was seen for alt
CAPs colloetions (dam ner showm].

Safficient CAPs weee collecred in Masch
2002 to srudy HO-1 expression in the
brenchisl epichefial el 2B, in pas-
alled with RAW 264 7, The BEAS-28
mimics the DEP-induced oxidarive stresi
resgotse in human bronchial epichelia cells {Li
et al. 20025}, Immunoblor snalis sthaws that
UFEz but 6ox sesse or fiac particles isduce
HO-1 enpression in BEAS-2B eclls (Figure
28), To derronrmrate thar thes effcses seflet
differences in the Lvel of oxidutive serzss, we
campared HO-1 expression to changes in the
sediced (GSH) to oxidized (G5SG) ghu-
sathione ratio. These dats show abundant HO-
1 exprerion by UFPs or 50 piml fine PM
[Figure 24, Claremont Jan 02}, which is
accompanied by 3 azable diop in ghinthions
ratios [Figure 2C1. In contrase, cownse partiches
had ao effzcn on either bislopical response
{Figare 2C). Regression analpsii showed 2 cor
vebation cotficient (7] of 057 beaween HO-1

o corsslation beoween
particie sive, chemizal composicios, ROS-gea:

eratitg expeciny, and ecllelar axidative sivess.
UEr tiows and mitochandrial dam-
age. In deEning the mochanisric fanures of PM
a key questian o the ssbeelluar local-

e
wation of PM, This may dewrmine ROS gene

extracts
DEP targens include mitochondia, s deman-
sated by the shilicy of erganic DEP extract
to induce steecwal mirochendeial damage
{Hiura ec al. 1999, 2000; i
Alfver exposuze 1 CAPs, 1he
ences in the utramizoscopic Faures of RA
264.7 celts mxposed 10 d
{Figure %). Whereas coarss pamicles col
arge cytaplasmic vacuoles (Figure 3C

and 30, UFPs frequently bodged inide mito-

in

F

chardsia (Figurs 3G and H]. Micachandsial

architectuse semained intact in coarse Ph
th

-
These changes were time
dependens, with fewer parsicles collecting
inside mitochondsia during shareer incuba-
i cells exposed 10 fine pas-
Geulapes {which indudes seme UEPs), some
pasticles lodged intide mitochondsia bur did
ot show the sams degree of ultranractassl
dannige (Figure 3E and F)

Elecron miceascopy thowed similar fea-
deraht

anee (Figen

agsbnian » T

fures ir. BEAS-28 eell

mitochondrial damage by UFPs, sesuling in
the fsmation of concentric ssrucaurss, knawn
as myelin Fgares (Fipure 41 These stnactures

Figure 3. Eloetren i

i [
20 coarsi partzles. (£} sed (8 RAW 2657 colls sepesed to fne partiches. |

el from e & of igop
wibich Gcilitates water wprake and imercalation

A58

mpoied = LFPs M e o crigtig 23 wel as the
in LUFP- or Ene « UFF-sipcesd calls.

wonin 111 | mmin 41 At 3003 = Emirenmrental Health Perspectiees.
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etween limellar membiare s (Fgare
Similar 1o RAW 264.7 cells, UFPs lodged
inside damaged mirochondria (Figure 4C).
Cells incubated with coarss or fine particles
shewed lesses mitocbondrial damage (oot
i i Y

These dars are in accordaece with the
geowing awaseness that onidsive sires plays 3
ey role i the induction of shway inflams-
an (HEL 2002; Nel ex al. 1998). Recently, we
demonsaraed that macecphages s epithclil

o o ita swiied orchats

Articles | Ulrzlne_particulates induce rritochondrial damage

CO Jevels in the expired air may be 2 wsful
mather for evaluating the pro-oxidative and
proinflamemarory sfieces of CAPs in the rerpi
MDY bRt

blew exaetly UFPs gain accens to and

. The enent of mioeh damage
is in accordance with the redox. cycling poten-
tial of che particles, as well as the HO-1 and
huathicae reuls.

Discussion

Chur data demonsirase thar the UFF mede in
the Los Angrles Lasin is more potsat thas

d PM rward inducing oaidad

stess a5 measured by the DTT, HO-1, and
glurathione assays. Electsan microscapy alie
indieatss subcelluhir penetcation and mito-
chondrial dumage by UFRs and, 1o 2 lesser
enten, fine pamiches. The findings correlate
with PM arganic carbon and PAH composi-
tion, supgesting 3 role of organic ageats in
grnerating redex by,

The resalts fiom the DTT ausy indicaes
UEPs ane capable of prodiscing gicatet ROS
an 3 microgram basts than fine and coscse
pastiches. This is the it Gime thar a guantita-
tive asszy has been used to diseetly measre
ROS generation by CAPs. Kumagai e al.
(2002} focused the assay on of

1o increming concentzarions of DEP (L eval
2002s, 2002}, The ssarified reipanss com-
menees with HO-1 expression when the
GEHIGSSG rato is eviimally disnrbed, pao-
cesds to fun kinase activation ar intermediary
Yevels of oidative stress, and eubwinetes in ed-
Tutar toxicity ax high oxidative stress levels,
Ambient CAPs mimic the effecss of orgaric
DEP extracts (Li et al. 20024), with UFPs
shawing increassd potency in depresing the
cellalar GSHIGSEG rain [Figure 2C). The
sipnificance of Jex kinuse activation ks the tran
scrptianal sctivation of queliee, chemolins,
amd adhesion recepeot premacers (Nel e 3,
1998), These preduss play 2 1ok in the prois-
Saremaney effects of PM i the fung and pos-
sibly also the candiovasexlar system (el et il
1998). The Ending cf a sigaificasr carrelation
berween heme oxygenase sctivity, GSHIGSSS
taia, and redox scthviry as measered by DTT
production pravides furher evidence for the
rolbe of RO gencration in PM micity.
The biological signifi of HO-1

quinones, whereas we have applied the ssiay
v UEPs and finc sad coane particles, The
DTT assay provide a quaatitarive measure of
the pelative redox activity of different PM
siaes in the Las Angebes basin,

UFPs cortain a higher precentige of
argaric carbos tha fine and coarse parricles,
a8d this has relevance to the biologic
potency of thess particles. The enbanced
biclogic potency of UFPs is direatly corre-
Tated with the PAH contear, Although
PAHz are capsble of inducing ROS produc-
thon in macrophages, it i also posible hat
these compounds may be  surcagate for
ather sedax cyclizg chemicals in the DTT
assay. We do nat esclude 2 contribution by
geamition metaly, which may interact with
osganic PM compensans is ROS generation
{Saldiva exal. 2002).

exprestion in the hung i the antioxidam effect
of its cacshbalic product, bilibin (Chei and
Alam 19%6), Tn the proces of hems casba-
s, HO-1 alsa penerates a gusous substance,
€63, which exerts anti-inflammazory diecw in
the furg and is exhaled in the capired sl
(Horvath er al 1998; Maines 1997}, Tuis
interesting, theseore, that in 4 smudy in which
sarmal human voluntezrs were exposed 1o
DHEDs, €O Jevels in the expired zir was 8 smoce
sertitive exposure marker than the presemce of

v producs in the
fluid (Nightingale et al. 2000} This i in

 with the exqubsitz aensitvity of th
HO-1 promoces o ouidatve suess in vive aed
ja witre (Choi and Alun 1995, Nighsingk et
al. 2004). HO-1 exprossion and CO geoera-
tion are maskers for aireay loflammation in
asthma (Horvath et al. 1996). Monioring of

induce damage is unkeown.
One pamibiliy & that ROS generated outsid
of the mitochondrion mey damage this
arganelle, allowing access 1o the parsices. This
s compatible wich the abiliey of organic DEP
extracas 1o indice wlrastructural misochondr
ial darage i the absence of particles (Hiura e
al, 2000; Li et <l 30026} Our previous smé-
ies have demensirated that organic DEP
chemicals induced pro-apoprotic effects in
macrophages and braechial epithelial cefls
{Hiora ec al. 1999, 2060; Li er al. 2002b).
This efect may be mediated theough the per-
subasion of mitachondrial permesbilicy trarsi-
than pore, which scts in moton cptechronze ¢
relbesic, caspase scrivarion, and suptranids pro-
duction in the mitachondrial inner membeane
(i et al. 2000), Wieramicsoscopic vissalina
tion of husan macrophages and BEAS-2
cells incubated with azganic DEDN exeraces
showed that the appearance of spapuotic bod-
s wete accompaned by changes in misockan-
drial morphology, inchuding mitorbovdrial
sweing and a loss of crismae [Li et sk 20028).
Arcthes possbifiny is thar UFTs gain accss m
mitochendria because of their small sizes.
These particles might then release redox

chemicls that the inner mem-
brane, All considered, we propose that
cokarced dssse pencsrance and abilicy to gen-
erate oaidative stress reader UFPs more damn-
aging at cellular level and conssquendy

conibuce o the adverse heabth oBis of UFFs
i the Los Angeles basin .
Theie findings may be of importance for

PM regulation. Cusrently, the manufuctare of
cleancr combustion engines relies on mass
owtpus sarslaiids bt do woe copsider the out-
put of large numbers of UFPs, which have
very lew mas. Qur daes show that UFFs aze
mere potent than PM; 5 and Pq that con-
wribure the majarity of mass in the HO-1 and
DTT atsays. It may be nreesiary to considsr
wrandards based on panicle aumber jsead of
mass if further srudies canfirm the differendal
wiciry of UFFs. Further research o mote
Fully eharacrarine the coxicizy of UFFs in rela-
tion to particls aumbsr, surface arza, and
chemical comgusision i peeded.
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Cardiovascular hospical admissions and
worality bave been stscciated with ambient
mats concentrations of fine pastisalace mat-
ter (PM) air pollution 5 2.5 e in aerody-
namic diametes (Phty ) (Pops and Docksty
2006 remaia regarding the wnder-
g, camal cheemical sompanents and sources
respontible for thess amocizions. A recent
cime-geries srudy of 106 US. counties showed
songe ecations of udiovascuar Eorple

of effect, eptohides. q»&:mlag loagbnudinal e anifpin,
Ervwiev Hnalih .ﬂry\m IIMERJM dot'

W‘NWICD" lﬂn.lnu 2 Mnm-y mw:

arvcsatic hydiocaibons (PAHI, o the respica-

(i L 200%), 50 exponsre errae is Heely.
I addisian, UFP mas and pareide owmber da
nen specificaly indicate which pasticle com-
ponzies ot woices are imparrant, altbough
generally in urban aress UFP compodiclons ars
deaninared by ooganic chemicals and EC and
riginte fom combstion sources.
We conducied 3 panel coborr swdy of
eldrrhr subjects \mh . 'mmq of cozonary
Las Angeles Basin.
This ts considersd 2 pwpuxlwn that may
buave amaag the greatess suscepeibiliy w the
adwetse cfftes of air poliation. fron Koot .
2005). We made repeared messursments of
blood biomarkess and air pollusnt
To asstis the potential imporance of UFFs
0 cardiovascubtr heslth, we measured quasi-
ulusfice panick mas < 0.25 pm in diamerer
(FMg 1), To adéres the issue of exposure
error, we monitored PMg g ar che rerire
mreat comemanniies of subjecis. We previcudy
Address comerpondence oo ). Delfao, Deparmment
af Fyldemnlagy Schosl of Mrciine. Usiner

toay concen-
tratans thaa dp Jusger paricles (Nesiachrieos
et ak 2007), possibly lesding to 2 cascads of
«ffeets relaved 1o cxdidative stress and inflam-
mazion i the langs and ar exmapulmonary
aines (Delfino er al. 2005). These and ather
effects couMd undedie auncations of marbid-
ity and mormdity with air pollusanes,

 Beepe for some shodics with persoeal ot

ages of PMy s
when lh« w::]‘?ﬂ ﬁ:mm of demenszl
carbon (Wi, and vanadium (V]
suggesting that impartant sources included
Fossil Fuel combusstion, biomas busning, amd
il combusdion (Bell ezal 2009

Unlike PMy s, ubesafine prersicles (UFPs;
genecally defined ot « 0.1 gum in dlameres)
are pot by the U8, Emvironmental
Protection Agmq {EPA), yee chis is che
size fraction that my bave the highest o
potential because it has magnitudes prester
mumber concentrations and susface area than
the lasgrr pasticles tha dorsinae Py 5 mass
(OberdBester er al. 2005}, On thar lage
surface ares, UFFs carry and deliver redox-
astive cpanic chomicalr, induding polysyilic

156

} e pollution daes (n...
et al, 2004; Dielfine er ol 2008, 2009; Folizo
et al. 2009; Vinzers et al. 2003), segions!
embierst sie monigoelng has heen the primary
datz soarce wed In epidemickogic reseerch on
the Imporrance of UFP expesure to cardio-
wasadar ouncanes and ciradacing biomarkens
ir individualdevel sedies {de H-mvg et 3l
2003; Heneberger e al. 2005; lbald-Mulli

et al. 2006, 2007; Tiﬂma:l;
L hese srurfies of armbient air wese
all conducred in Farope, and UFPs weee

ey of
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miasared uf particle unsber
ar central regional sitrs. Exparure emos fooen
the wte of ambicnr daes is lkely, becaurs air
mondtars may be far from subject locations
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reparted positive aunselations of blood blo-
markers of inflanmarion with PM 4 u...
rot with biger acenmulstion mede
6.25-2.5 m in damerer (PMp s 15)
ot al. 2003, However, parti xjem.walnm dos

sre caidized 1 form lowvchrliey produces
thar condenss w produss SOAs. Thess are
few data or the impamance of vaiation in
this multipollurant characcesiseic of PM to
Fueman Beaith cutcomes. In the presens swudy,

rot peoside sffic

povittan or sources. We alsa pmw..,t, onual
posicive associatipes beoween the biomakars
and PMy 5 EC (Delfing et al. 200%). Based
an thece Bndings, we hypodheined thec -
fic emission sources of orgaris chemicals i
PA 35 weuld be peumely sisochired with
syscernic infammation. I the peesent analysis,
we simed ta Better delinexze which underlying
PM componsnes may be reporsible for she
amvciations we cheered for EC nd PMozy
imast wilag new data on chemica species in
the archived FMy 3 fiker amples,

Materials and Method:

PCL\:-\: 1 by P\H:md]m-na
S0

o p.nlt casbon (WSOC) and urganic acids.
Mean PAHSs are considersd to be componencs
of POs. Hopanes ars foand im ihe labriant
il of diesel and jraoline wehicles and art thus
ssacers of primary vehicular weroscls in the Los.
Anpeles Basin {Schauer et ol. 1996, 2000).
WSO (Seydes ex al. 2005) and rganis scids
(Rebinsen er al. 2006} ae |ﬂu=ﬂd 500s,
altheugh & fraction of WHOC cames from,
Iensess burning (Dodherty er al. 2008].

The zesearch protoce! was spproved by the
iratianal Review Board ofthe Universty of

aletton anl design. This was 3 longirudingd
:;’ag of repeated meanures swhese cach subject
azted w5 his oc her awn control ever dme. This
Bimits the impact of confeundiop by berween-
sabject characnerittics, We recaited subjects
fram four reticement comemun eees
wene eligible fos partciparion if dhey had s con-
Frmed coronary anery disease history and were
2 65 years of agr, oammcers, and
o enviroameatal tobasso smaoke. OF 105 vol
wraeers, 21 weze ooz eipble, 19 do
2 had oo few blood dewas or vahid bi
data > § of §2 weeks), asd 3 bad insufficiern
biamarker data due e exclusions for Frequent
infections, leavireg 60 subjecrs. We excluded
!mmrl:er mrmmmau during woeks with,

ven cheir well-&

impact on meseed Siamarban. Tabis 1 i
subject characteriatics.

Cali rvine, and we obainsd informed
wrimen consent from subjects.

Dismarkers, We focused on an nfrmative
eet of biomaskess of inflammation fom the
pervicus analysis of peripberal blood biemark-
ers and Py mass (Delfino e al. 2009,
We drew blood samples in ethylensdiamine-

Bieemarkers and particie companents |

of each subject. Our main inesesst heee & b
the tfect of ausdoar-source PM enmpanens.
More iban 5 days before esch, blood deaw,
e collcered indoos amd ousdoor siz= segee
gared particie samples wing Sioaras Tersonal
Cascade Impactons (SKC Inc, Eighty Four, |
P, USA) with Zefluor filters (3-pm pate
shoe, Pl Life Sciessces, Azn Adbor, ML UISA).
We evaluaced componenss oely in the qua-
si-ubormfine fraction (PMp35). Mast concen-
trations were desermined gravimerrically by
weighing the impactor Rlters and substrases
with a microbalance (encerainry, 2 2 pp
Menie: do, Columbus, OH, USA} in a
teingeratiue-canerolled and relative humiding- .
comnrolied mom.
The five weekly PMy 55 Gliers were com-

ined for chemical analysct, Thee com-
oites were cut into three srerions (ene |
ﬁzif-sﬂum and twa quartes-sectiont), We
analyzed the compoticed half sexelon for 32
differrmt onganic corspenads uilng ges chao
matography/mass specteomenry [GUIME)
{Seane o1 al, 2008}, For the presens analy-
sie, compounds are grouped by theis e
vuses, which ks the primary conerol of cheis

ereraacetc acid tubcs on Friday of
and processed thern sl frase the plasma on
site within 30 min. Samples were stored ac
80°C uncil asyed. Plauma blomarkess were
thawed and assayed using, 95-well imamana-
asay kis for che preieflammatory ytokine
Interleukin-g (L d ki

chemical ians. Selecred rep
segunic camponents ware greuped 2 PAH:,
grganc (- alkansic} acids, n-alkanes, a0d

bopanes {iee Supplemental Marecid, Table 1
{10,128 chp, 090 1407H. PAMS wese fus-
her ubdivided s lose tiwe- 13 thcesing),

seluble tomeor necrosis factor-a {THF-u)
tecepeoe 11 (FTNF-RIL; Qruanvikine HS, RiaD
Syrems, Minaczpelis, MN). sTHERI has
2 banger balflifr dan THE-a (Aderka 1996)
s iy thie beret eeflecs susmained o bigged

medinm- {four-ringh, and Eigh- (fve-ring
ar largec) molecular-weight FAHS (L] Mw
MM, and HMW, respectively),
Jooeely cannected to valatilizy and sl :le

Table 1. Subjects s Eomarker macomies,

Two seticement were spuds
ied in 2005-2006 and rwo in 2006-2007,
Sabjeces wers followed for & mtal of 12 weeks.
with weekly bood drawes for sizeulating bio-
markers of iaflammarion in plasma. Each
nsbjeet conuibured 5-12 werkly Blood draws
{n = 578 toral sam,

Each community wis sudied in ewo
G-week seasonal phases, 3 wasmer period
charicterized by higher phetacheminuy fol-
fowed by a coaler period characrerized by
hlgher air stagration and lower misin
heigh. This scasonal approach was intend
to incresse the varability in pellerant char-
acteristies, with higher secondary erganic
acragols [(S0MA) i the ::hméow?e a'l:d
b imary oegasic 2 As) in the
g:::‘-u.g e uaicimtmed s peliusnts
increase at groand level. POAs ase formed
ding o sharaly afes the combuistion of fosel

effeas. Thawed sty e e
selthe 2 ——
it Sy Toppeincmpaasis Bl i
disrrutase (Cu,Za-S0D) and glotathione pere  prg B
exidaie-1 (GPa-1) (Cayrman Chemical, Ann [ 600

Arbor, MI, USA). Co Ze-50D and GFx-1
values wese normalized to uni per gran of
hemoglobin. These knd relsted biomarkers
are predicrive of cardiovascular discase risk
(Floazs-Mateo ot al. 200% Krinchewsky ot al.

oy
Gt of sy sebery st
Tebynsanked idarclion
Cowarary artery bypures graft o
angloglasty

05, Fai ex all 20040
Expareres. The methads used e mesuse
comparents and their relevance o sources

of Py 3, are desribed i decail in the

Meémda (dor 10 naw.;-mmm)] and by
Adhami et L. (2010). uwdunﬂmﬂl,

U e

Hperie "'nhr stonh
e chcderyeclysia oy Kiston]
Loy
Angicimy a-cirvmiieg ey
s and n;mnnum
wdagsnint

deczil differences by semmon and

flks, SOAs ane lagely pro-

e comversion when

o —
penic
semivolatle organic compounds SV0CH) oc,J

¥ AiEH
and descalbe the selation beoween indeor and " g papespn b S flaing
outdaor B fptmld 28115
Alr sampling m,..m-{ in the immediste  sTEl ippiald A 1488
ourdcar envis L S Y T RS TR —r T ——r
ity and 3t gn mm. site locsead In the  VaesmiemeansSOeats,
comenon aneas of the main ,lm.l.i ¥ sy i1 e

indae: &

irgs. Th
sorme degeee of the rame indoer sevironment

Ernrsnmental Healts Perspectives  vouna 1181 mssn & Jure 2010

s socine ifigriohie ev-dewon of pust intal
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GL14 Continued

Delfing et al.

The fiest comporited quares-section was
digmand with consentoated soid wing micr-
weave digzstion followed by analysis i dever
mine 52 crsce dements using highresohusion

o plasma mass spestrometry
(Finnigan Element 2: Theemo Fisber Scierifie,
Wabtham, MA, USA) (Herer et al. 2006},
We fooused our analyses of expoure-tespoase
relationships on key transiton mesabi that can
penerae imstive m-pgm apeeies by Fenton-

ype reactions: vamsdiue (V), ehromnium (i),
qurJ. nicket (NI}, copper (Cu), mangarese
(i deadd (), and sl (Zn).

The second compesited quarrer was ana-
Byzed far WSO using a General Electric
Sievers Tosal Organic Carbon Analyzer {GE
Anahyrical

LR .
was e to extimate method precison (> 20%
innﬂ PAHs, hepanes, and p-aliancs).
caristical amayis, We arabyred relasions
tJ'urpnmi {wichin-subijeet) ereanues of bio-
markees 40 air pollomns expeasres with linear
mized effeces eodels. Random effects were
estignzped ar the subjeer level, peseed withia
seasonal phase and community, to account
for corselared within-individuil repested
messuzes. To focus estimates of anociations
.uﬁu.b,mlad.m.d.m hrm

Maeril, Regreusion Model, Mean Censering
Method (doi: 10,1259/ chp.0901497}). We
decided «,.—_n o adjust for 5-day averape
vernperanare. M of amociation From
the mived med npewed st polatant
interquanile ranges (IR 25th-T5th per-
centile) to Aow srengehs of association for
differen pollutants 1 be compared by limis
ing differences due to wnics of mourement of
<o mnge.
We uahnud the covariance structare

models

elfects 25 plq!vm] by hirea <t al. mon; b',

& empirical vasiograms and found
weere best fit as an autonegressive-1 corecls-
tion smetre. We pecformed residual anaky-

The remaining comp
analyzed for organic tracer compeunds
by GCIMS along with fickd blanks, lihess-
tory blanks, spiked samples, and standard
reference matesial (Usban Drast Srandard
Bmpurce Material 164%; National Instiure
af Standards and Technalogy, Ca.ld-:uhmg,
MDD, USA). Spike secovesy afies conectian fos
intemal saandard recoveries was in dhe range of
96-110% for PAHS, 99-104% for hopanes,
and 63-136% for n-alkanes. Blank concen-
eraticns of MMW PAH:, HMW PAH:. and
Bopancs wese below analytical Seseccion lim-
it (= 10 pgim® abr). The method detection
Heits feg cemaining mrm were lemited
by field and labaratcry blanks. Uncersaindies
for esch messusement were estimated based
on analyticl encenaintes and uncertionies
From the blank correction and wers used to
determice if esch meascrement was statisti-
cally different from zero. The precision of che
spike and sandlard veference matesial analyzes

and phase lise Supp i ses oo cxamios deviations from rundard finear
Tubde & Exp M2 mass and erganic cosporests.
PRE
Pofhitaat wiat  Toul LMW WA AW HWomess  alNanss  Deganic acds
PMgmems 035 045 08 0% 03 FET) [30] X
et W 0B L 0EF 04 o 015 [T
1w im0 as s s 18
Woo0E e 0E 22 -3
169 087 ai iz =11
15 e 0% -
i % -0E
1.00 -008
Tabde & Exp awtdocr #nd
Vit Bt Ship S
PAN  eminvers  bowitg  enistion  S0As  RSdem  mifee  Seasal Unkows
Total (] [ ] S (T3 ] B
Lhw [ [ [ BE0m ak an 63t
hihaw L] 03 - 004 Q1 -0 on 3]
A 43 08 (] 037 01 a0 014
- ssaedae, NES, sk Al v sl
prate, and et ant

Tikde L Deasrigth sties of d 1 Py erganic and amition mctals foom 47 wasky of
E-fay hiter compeaiiea.
Wemwasen Coolsagict o
i Naarn « 511 Minjmax Lamts Miv'an O 0A o
Phlymans /ey Tasia3E 1m 4EAT a8 o
WSO i 08720 [E] CUB/LY 08 2t 5]
PiHs gy
Tota DR 14 240175 5] 05
L 0382015 om aisnM are 1z (1]
Mt 02012 Es o o
HAW Q2dalit o= -3 il
Moo iagim) DI =03 16 [ 1]
e B34 75 138 130 =
rgaric ecidy 0272017 505 1 [77)
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GL14 Continued

mied mode] asumptioas and the presnec
of influential chiervations. We found fore
imBuenaial high owtbers foe IL-6 » 10 pgiml.
chae wese teses 2 10 ppfenl. (upper Uimiz o ins

wverage PM, g5, including the ourliers resulted
in an assackation of 0.41 pgiml [95% con-
fidsmes interval (C1), 0.00-0.82] per inter-
guartile change in PMyyq of 7.37 pgim?,

wherear reserring chem oo 10 pglml resulted
In an amociasion of 0.26 pgiml. (95% CI,
-0.06 vo 0.57). It i important that in the
previous analysis of PMy gy miss (Delfing
et al. 2009}, dhe axacinmons with 1-day and
3-day average PMs a5 wese aranger and had
manrower 955 Cli chan &id the §-day aversge
For both IL-€ amd sSTNE-RYL

Ia s:plar: ory analyses, we retested
modsls for empthrocyte antiogidant enrymes
{CuZe-SOD and GPx-1) from our poevi-
oee publication {.Jdi‘m er al. 2009},

asbject clusters (seven subjeess) with pasi-
tive associations detween aie pallueanas and
sntloxidant snzymes, wheres msase of the

Tabie 5 Asgeciations of Bomarkess of systemic.
slfpet with indoor and eutdodr S8Ry Ivarige
P,z maet and organie compraents [regressian
coriziont (855 D)

ir 5 THE
porctaet logiml gl
Pl iy

l'::h. WSO 02 186 ST

Oudosr  (IGHD061 05T iS5 1400 25
WG

ko SEOEONEE ST

Ondosr 0080571000 E3(-19% M5
OISR O s I
DITRIDmO L 1R eI

GRICLR" 1954 2076
CRMOE0E" 180 w0

OZRH007 0 06T I (2 w0 2
0IM0IZw0 0 & M 0 2N

e BIBMOOE03S S8
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Ingear  AWMDWOIE T (D

Oudes  DIEROOBWO2Y BEEwWISNT

£ |-27 10 36
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ol BO1HL0T L 008
Ousdoor  QL0% 0 03 t0 0 0%
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oo RS-0l SRR S

Qutdper -8 [-1F 0 -1t
Qs
SrETY
harge bn tha Eismaiher areng B pkyrch sssocistid

iz v KO eharge i thy vir pelatin [sew Tabde I,
. fox ezparasare,
*peli, =0T

remairing 5% sbjecrs showrd fverse assach-
tions. Desails of these chasters and eheis fater-
pretian are pressuted cliewhers (Delfian
et al. 2009), We present these Suna-deiven
-snln with the new zie paliveans exposure

11 primarly is the Supplemenul Material,
Tdﬂc 3 (o1 01 2890 chip, LON40T),

Results

wmeasured exposures. Seasomal differ
preatest for MAW PAHs, HMW ‘PAH;, snd
wealkanes, which were bighes in the <oal sea-
som, and for WSOHT, which was higher in the
warm season, a cxpected begwase of phoco.
chemstey. Indoorfewdoor rasios were close
1.6 far PAHs and hopancr, and indoar—
outdoer conelations wees strong (median
B was 0,60 For PAH specles and 0.74 for
hopant species) {Ashami ec al 2010, This
saggens kigh penetration of thew eudocr
Phiy 30 components into indoos envviran-
meess and dhar mean 0 companents
were hargely of nuedoor origin. On the oshar
hand, indsos/outdoor ranes were bigh for
mealkanes and n-alkanoie acids, with pere-
ally bow indeacloutdear comrelation corfi-
cicnis (Arharmi ot al. 2010). This suggeste that
indaor souees Influenced the indoot levels of
maflanes and w-allancic acids.

Table 3 shows & comelarion matrix far
measized soidser organic compansats, We
found IntSans barwort
Pivp gy mass, PAHS, and hopenes. We sl

vl negative cosrelations of these spe-
cies with argansc acids and small positive cor-
relations with WSO, wggesiog that POA
and SOA eoncentmarions are relatively fode-
pendent of exch other ar the suady s,

Te further amprave our undesstandiag of
the dlessly positive asnciations of bianarkess
with summed PAH compoards presentest

@"

Figarn 1. Assotaticn. af Blamarkers with

Homarkers and partith comparents

below, we used the chemical man balince
medel {CMEB) source apponioamest estl
maces om Arhami ec o). (2010) eo exahu-
ate the possible soueses of PAHs. Wr bricfy
samrarits mechods ind source sppanion-
swend exsuits i the Supplemental Marerial,
Cheeiesl magr balince [CME} mode]
{dei: 10,1 2R ebip 0301407). Table 4 sthows &
carrelation matrix for the cefasion of FAH 1o
the CMB-estimated sources. Strong seirels-
tions are seen for ozl PAH: with wehiculie
emimion saurees, wheeeas the spponioned
a3 Broan. ebier sparces shows wok to o
correlations.

In the mized-model regression acaly-
ses, we found positive assozlations of cir-
culring bomurken of Ifummien [l

TINE-RIE) with organic comporents
ipure 1), We found the steor
asrociarions with biomarkers for both iade
and cotdoos PAH:, incladimg LMW, MM,
and HMW FAH=. The nex u.rmue—_
ciatingy were For hopanes, Tndoor
catdoor hopanes wers ancianed wich [T
wherzas both indoor and cucdosr I.o;nes
wese sssoctuted with STNFRIL

Orardoor WSO (x marker of 5005}
was positively associseed with STNF-RI, bur
conhderce limics crossed 1.0 {p < 0.14), and
we feund o other ameclations with SOA
markers. The pardoor erganic acids fanether
masker of SC0As} shawed 2 patcern oppo- -
sive 1o thar of the POA markess, with logdy
negative regression coefficients in,relation
o blamazkess of inflammartion. To assess
whedier s was due ta invene corrclasions
with PAHS, we coregressed outdoer total
PAH:s with outdeor srganic acids. We found
thar asociations with PAHS and with orgasic
acids decressed in magnitude 1o zmall deprees
when corggreised, puggeiting dat the negathve
seprembon soefhcients for arganic adds with

ATHF-RINipaint (=
g88¢c.c AEENERE

S-8uy sverage cutfont snd indcor commurity PN 5 macs, ind

imévhers of POAS acd SOAE. |4 15, 18 sTNF-AIL Bxgected change In the tomarker [aqustes cosfioin
and 56% C!) carrespends 1 an ICA incrsass in the sir pofutast concentration (see Tabla 3, ad,nmd ot

amperature.
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GL14 Continued

Delfino el al.

Bismarkers of inflammation mey be atrrib-
uted o other unmessuced facton or chance.
We then rered owo-polliutant regression
moddels that ncluded bath asdans Phg 5y
s MJ wonzl PAHS to sties whether PAMS
the pomileal smociaricn with mass,
WQ foand dhse IL-€ and sTNF-RI associa-
tioa with mass wese complesely confounded
b, PAHu in that the regrecsion coefficieat
for mass decresed £3 just below e and the
regression coefFicient for PAHs was nearly
unchanged (Figure ZAB). We Found 2 sim-
ilar effece for which eonfoerded
she poerinal auocisrion of PMy s was with
£TME-RIT (Figuee 23, The vartance inlazion
faczor vees < 3.5 for exposutes, ths showieg
Illdez\dr‘lnnenfmlﬂmﬂmlry
jon eerals were not associased with
the blmmrhrs [sex Supy e Material,
1&kz¢dm|n_|mrdpmmm
As perviousy shown (Delfino et al. 2009),
the analysis of the rdation of envthiccyte and-
oxidant enrymes (CuZa-SO0 and GPa-1)
to ir pollitents among all 60 sebjecns showed
regrension cocfficients weee largely negarive,
suggerdng kvene manmns. bua e epper

ed 1.0

Mmﬂgwm 110,289/ ck

respondes group. Canfidence linales were wider
for GPa-1 than for

Discussion
To ousr knowledge, this is the Bt repors fam
3 parel cobart smdy to show asseciadions of
circularing biomarken of repanse in human
subjects 1o specific PM crganic ompound
chusses. The measaned ehemieals szeve 23 md.b-
catnes and tracens for 2 pollurane sowrces and
for chaises of ehemicals with the potential for
sediok sceivizy in the body. Our prior work has
forused on carbopaceons serosols thar pra-
vided sorme differentiztion bevweea "OAs and
S5OAs by showing asocizsions of bivmatkes
of inflammation with prirary FM; 4 coganic
carban (OC} but rot sccondary PMy, OC G
marker of $0s} (Delfine o 4l 2008, 2009).
Tn the present anakysis, we found the mb
binmasker asoctations with wsn
wariables for all smolecular weight classes of
PAHs and gpecific soerce maskers of vehicolar
emiasians (hopases} measured i Phda gy with
GCMS. Fenthermore, rwo-pollatant mod-
els of the rdation berwren the biomarkens of
syscemic infammation and both tewl PAHG
and PMy 55 mass showed thar mass sssocia-

Tae uph(nnnrr anslsis shawed shar e
seven nubjeces previously identifed as 3 “pads
dve respander roup” (Delfine e ol. 2008), we
found lagely posicive awociarions of Cu,Zo-
S0 and GPz-1 with alr pollurants, and
bower confidence limits wete » 1.0 for aute
ooz PMy 5 mass and severs] other exposures.
In the 53 sabjects previously identficd 2 2
*negative reponder group,” we found inverse
amociasions of CuZn-SOD and GPx-1 with
< indoor and pandoo: ol LMW, MMW, aad
HM® PAH: nd with hopane (all marken
of exposures linked to primary combustion).
Indaor WEOIC was inversely (p < 0.07) aisos-
ated with CuZn- 50D, b we Gand o ather
ansacistioes with SOA arkers in the nepasve

i

k -
L e ™

tioas were completely explained by PAH,.
Given the results of the chomical mas balance
analysis [see Supplemencd Marerial, Chemical
mass balance (CMB) model {dois10.1289/
ehp. 0501407} and Arhami ot al, 2010], we
infer thar the corfounding of nomisal asse-

ciations berween bi kers and PMg 3y

vrarseripeion faceorkB (NFRB) (Ried and
Dh-&aad-;n 2005). NP:B incrrases the ran-
thet see preliceive of coronary aricey diicase
risk (Pl ez al. 2004). PAHs can induce cxida-
ive sicess respanses afver biotransformazisn 1
quinones by grrochrome P450 141 (Bonvallat
et al 2001), porhaps afier delivery from the
ange to geemic rpets,

1 the Los Angeles Basio, most eutdear
PAH: in Figgs are expeceed 10 be from
mnchile sorees (Schauer er 2. 1996}, and the
CME expenue gesvelations ase consistens watk
this expectaion. PAH: were slio conelated
with source markes of vehiculsr eminions

. Hopanes are the mon unambigueus
searee masker of traffic emisions. However,
the moderate but ot strong correlation
brerween hopares and PAH: the
mcasured PAHs includc 5 different subsct of
eriobie sarees e thas of hopanes, Thi may
i part be due to the variabilicy in PAH: rela-
vive & hopines by combustion-roated prob-
bemns I the vebdele flest Tough o al, 2007

Crverall, che associations of biomarken with
PAH: and hopancs suggen thae our previous
findings of pasive ssociaiians of bioamskees
wich FMy ¢, EC, sed peimary OC (Delfine
et al. 2000] were due s PM of mobileaource
otigin. PAHz are foard in greater concemra-
siors in the quasi-UFP range compared with

ickes (Neachsistes et . 2007), and
ohis e been hypebesised o esplin enbnced
effects

mnnzz by PAH: was thoough 8 commen ser of
sourcer. FAH: likely serve hese as 3 serrogate
for redon-assive PM chemical componcoss
as evidenced in erp | models (Riggl

and p of
tarbun, LIFP i the bangs and peripheral arger
argans of redents (Araujo ev o, 2008). Tbr
mznnd biclogical powcacy of UFPs may be

and Daz-Sanchar 2005). For exumple, P.n}k
frors dicsel exhause particles sed oxidized
desivatives of PAHs ruch 33 quinoses | lead oo
the generation of raame species and
sulscquent oaidant lnjury Mhnllamq
sespantes, incuding the sxpresion of muclear

 outdose Py

1 10 the conters of organic chemical 4
hm the capacity 10 reduce wrygen, 5

quinanes and nitra-PAHS, for which P.ilH:
Fry ack, in pars, a5 @ surrogute (Nerisdhrinos
et al. 2007) or 2 a source after bloteansfoe-
aation. From the presens sesults we lnfee

that, slthough PAHx may have an effect by

in PV L4} 16,

Figrn 2. wilh
Pals, wm’&,‘,mmn.rm #nd PRl mm—l!llb»um. umw«umw 178 bomarees (ad enad ceaMcient and 365 £ comre-

onds o
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dhemselves, they are also likely sumogares far
ether crusd species we did not incaure that
are emitted from doe mme {traffic) sources,

We found liethe evidence that rraces
variables for $0As and relsted components
(WSOC and arganic acids} were associared
with the cizeularing baomirkens i the expecied
direction, We have 70 explanation for the
megative regression coefficienss for organic
veris vk Tamaskers. Abbausgh mos: of the
SOAs sre evpraind 12 be in lager PM > 023
i, the presear ezsules ane consitent with o
finding of few bicmarker asnciaticns with
FMy g secondary OC or accumubanen mode
partils mass (P z3.25) in an cobicr pub-
lication (Delfna e 3k 20095, in thar sady,
regrassion coefficients were abio negarive fer
L6 in some modely with PMly 35 3 4 smud with
secondary O, We specilace thar components
in outdoor SOAs crsmared by our methods
(2.5 aegamic achds), sce mostly water solu-
e and Highly exygeasted, and dissobee afies

ition on the srway epicheliom and then

queickly reset with extracellular maccomele-

eales and cell membrane consituenis, Thas,

thegs PM companents may st direstly inser

st wieh 1he vascularure, although it has been

hwm thas inhaled particles Tead to k-
wid and pb

pastibly becasie of bow sans of

Biomarkers and particle companents

rtane i end palees (pmemic

thess ersce ehenvents in che srady arcas.
Finding posicive associations of biomark-
en with both indoar and eutdoar PAHS and
hapanes afang with the indooeiouadoos rarios
of these organic companerts being dose ™
1.0 suggests that, even though people spend
mos of theiz time indears, indaor air qual-
iy aid PM expomres ase sesongly infhucaced
by PhA of svaoor rigin, Thee findings are
consiveent with our previoas amalysis for ke
fiust half of this pane] thowiag thar CMB-
essimaned indoor #M of vuidooe origin (par-
dicle number, EC, and primary OC) were
assocared with the biomarkens © a similar
degree & outdoar PM (Debino e al. 2008).
Baielly, the explocarony (Baradriven} find-
ings For GFz-1 and spmuly Cu,Z0-50D
e comuistent with our provicus Endings for
primary OC and EC (Delfino e ol 2009}
and suggest anrioaidant ereine sabvacicn
wichin enyrhroayrer by sraffe-selared pallur
ant compenents, including PAHs, among,
= subgroep of peaple. This is

intammatior) that Bave beer linked m dhe
risk of cardiovascalar diseases I pragpecthve
cabort and ather studies (Krinchewsky et al.
200%: Pai et al. 2004). The posirive relation
berwern sir pollusion and cyroking bis-
markers may akeo be indicative of acure risk
of adverse casdiovascular cutcomes eclated
o vascubar dysfunction and atherothsombo:
sis (Mils ec . 2009, We scsensly seposced
coherent ausciations botween bourly ambuls-
tory systolic and dimsolic blood peesnme and
hoily sit polbatsea rapusurss i3 the present
pancd cohort, Encluding srronger asmochsions.
weith primary PM; red with sec-
andary PMy s OC (Delfioo et al. 2010).

We conclude chat LS. EPA—rcgulared
aembiens PM ; mass mesturements sy fot
adequately represcnt rigk to bumn hedth
because shey are uncharscresized by compesi-
tiow, sounst, or I'M yiae disribution end are not
acceiarily sepeesentative of persanal of local
expesise. Conmtory dia so¢ neoded ia other

anticipated to increase oxiditive stoess and
thus inlarysatios, This i pasencilly impoz-
e because these enzymes Ekely represeme
impactant nacimedase ead prnes that have
been linked 1o the sisk of d

respanies 4
rebese of acsivated eukotyzes and eyiokinss
it the ciaculariaz (Mill et o 2009},

‘An importun limitation of ous dharseriza-
o of SO s that WSOCs and onganic acids
o 8oz campleiely chscactsie the SO fracrion
of Ph, part of which my come From the pho-

anery disca in preipeive coban and otber
srudies {Floses-Marea eval. 2609). Grven thar
these Badings wese fur ess clear when inuud-
ing the entire G0-subject panel [hecause 2
emall subgroup of seven subjects had pashive
muumq Vhese sesubrs should be viewed

ansl wezested in

tachemizal ozidation of kiw-volatiliay vapors
to Form Bydophilic oiganic campanent, bat
whase chemical idenity is laspely wnknown.
“These precursor vipors inchude SVOCs thut arc
larpely pan of PO, SVOCs evaporase Brom
the particle phase dusing G process of aume-
spheric ditaticn and subscquendy reace with
aidant ganes 40 forre. 2 sipaifeant fraction of
S00As (Robiinson e al. 2007).

Lipid-saluble components of PM more
closcly asockared with primary emizsions,
including PAHs, may becorie bioavailzble
after & ug‘)mmr.m Tillormed bvdnnhnuon af

lized cheaicals to the

and to exrspulmonary tarpee sites (Geede
eval. 2091}, Tt is also possible thae & senall
fraction of toxis comparents is carried via
various trandocation mechaaisma ino the
circulation oa UFPs (Miblfcld er o, 2008}
Howsver, transhacation may accasne for a
potentlally Insigrificant amo:ns of the impact
of UEPs compated with the high revention
of UFPs in the lungs [Mélier ex al. 2008),
which may kead 1o suszined efeets theouph
the gradual transfer of redon-active compo-
ments to the dirodarion over many days.

Although transition metals ase known
o be redox active, we found no conzistent
sssociations with the biomarkers meusured,

Siber pepelarionn, See Dielins <t 41, (3003}
ot furthes dresils and discussion concerming
potential mechasisms of antioabdans enzyme
{nactivation versus up-regulation that may
explain groep diffevences

Sesenguks of she presens svacy lie In expa-
sute messurements in exch subjeed’s com-
munity microcnvirsnmear and in repeated
biclogical markes asewsear in 2
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eutcanes From xpane to uis poliuton and
phaical inactiviey amang neighborbood rypes
is alicde-suadied ares.

We used risk assemment so exploce whan-
seile spatisl pareras ko cxposuses smochred
with the buift envirarmeent. We lavenigared
differences in urkan form that bave been aso-
ciated with physical inactivity and sir pol-
Tution [ipecifically, particulate maner with
acrodyaamic diameter £ 2.5 um (M),
nitrager. axides (NO,J, and ozone (0] 10
assess relationships berween urban form and
public bealth.

Methods

Crar approach combined four primasy sousces
of nfoemation: 4 grocoded, sclf-repors trave]
diry 10 indicate home location and physical

iuy levels for n specific cobor {x = 30,007);

MM i
sfocs of i polison exposse.
Poliey mrescamions: Carrently, plincing .{m; manly rom.on um; physical

thaeugh reighborhoed des

. Oar results vopgest that diffrrences ba popoliicn bealdh impaco:

| amotg weighbarhbods are similss in eugsinede for aie pollation and phypical sctvity. Thai,
. phipcal petiviny and exposure co.sir pollution are n._h, u...rph.m.grm dleaner, bl

muuﬁn : 2 i
KEY woRDs: sctive teawcl, al: qualiny,

-dnnfml-.

wmm sk asedement,
Environ Health Perspect 120247.253 02). gl daiong/10. mw.a, Amm Nm

1 anbu;wnl

Physical insetivity is asseciaond with incressed
ritk of soverad adverss healih ouscomes indlud
ing hears disesse, type 2 disberes, colon can.
cer, breast cancer, and moralisy (Coldimeral
1997; Kelley and Goodpasier 2001; Kokl
2001: Verloap ex al. 2000). Active comimur-
ing. such a3 walking or biking vo work on o
daily basis, bras been shown o decrease sisk
of all-cause mortality and cardiovaseulue dis-
ease (Andersen e al. 2000; Hamer and Chida
2008; Zheng ex al. 2009). Various anribuces
of the built enviconment (e.g., population
deosity, streny cormectivity, kined ase mic) lave
‘been associated with rates of physical activiy
at the neighbarhood level (Ewing e al. 2003
Frank ez al, 2005; Saclens ex o, 2005a; Sailis
et al. 2000). Furtheemore, the rype of wans-
paczation mode used (public wranis vi. cas)
affects personal eneogy expendinze (Morakia
et al. 2000). Thus, an nportant recarch ques-
tion is whether urban planning can reduce
physical inacuvicy snd improve health,
Exposure to ourdoor arban it pollution
ir aseociated with various adverse healeh our-
comes including heart disease, reigicatory
digease, Jung cancer, asthma, ard monalicy

(Meunekresf and Holgate 2002; Gent er al,
2003; Pape and Dockery 2006; Fope exal,
2002). Chronic exporaces vary st similar mag-
mitiedss within-cities as between-cities (Jerren
et ab, 2005; Miller ex al. 2007), sugpesting
hat neighbashood location, uhan design,
ard praximity 1o roads can afect exposuares
{Health Effeces lnstituze 2009; Maeshall
eral, 2005).

madeled amd mcasisred cutimaes of sutdoor
air pollution concentrations and their
wvariahility in space and time; Srerare-derived
extimares relasing ichemic heart disease [THEY
rates with physical inactiviey and exposure
to air pollusion; and peopraphic informatian
system (G15) land use variables related to
walkability. Our method is descriptive {i.e..
eross sectional) and aims w exploce long-tem
Beslth efferes of nefghborhood characieristics
and lecation. Figure 1 illustrares our risk

asmessment 3

Fhyslcal inacrivity and air pollation
exposurer, We used the year 2001 Pose-
Centus Regional Travel Survey to eximice
expasurs w0 physical inscsivity and hame-
based exposure ta outdans ale pallon. Thic
survey, which eovers southern California
communitics such as Orange Counry and Loz
Angeies, included 3 geocoded time-acivity

Reeenely, the Warld Healeh O =
{OWHO) cited physical Inacsivity {41h) and
exposure to outdocs wiban alr pellation
{141k} among the top 15 rick faown for the
Glebal Burdea of Disease (WHO 2009);
for high-income countries, these sanks are
dth (physical insctiviey) and 8eb (ourdoor
air polhation). Urban, planning aad te buls
enviranment may differentially inflasaee
expasurer 1o thase two risk facwon (Manbdl
e al. 2000, A small mumber of siadies have
investhgated the effects of cuercise while con-
erolling for air palhation eqposars (de Muzele
er al. HW09; Wong, et al. 2007) o explored

nal- oo national-sads thooreieal shifis wo
active travel [de Hariog eral 2010; Grabow
et al. 2011); however, sccounting for health

Endronmentst Health Perspectives = vousa 120 | nawmes 2 February 2612
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GL14 Continued GL14 Continued

Hankey o1 al.

dliary thar caprured self-reported setlvi
and travel during B1I 200 and spring 2002,
The narvey papedation consiseed of 2 random
sample of residents, receuitad by telephone in
six southern Califomis counties Jempesial, Las
Angeles, Change, Riverside, San Betnarding,

: tor survey details, sce Scuthern

lon of G

{Marshall et al. 2008)] 16 each survey par-
tipant’s home lozricn. Esch p:h...wl:sd
several monizeing stariars (PM; o 27 NO,,
42; Oy, 52), peosiding good sparisl coverage
for the 36,000-kmd sy acea, We ecimated
the anaual aversge of daily 1-bt maximum
for O, and

for PNy 5 and NO, at cach

“AG 2003)). To our knowbedge, no other
meropeltmn-icale wavel sucvey bas been wsed
e catimare physical sctivity and expasure
w air paflution (Marshall er al. 2006); in
additicn, this sarvey represents ene of the
Lusgest espasuesrelevant surveys avadable for
any ushan arss In the world.

OF the 40,376 survey iespondeazz, 30,007
(74%) met our incusian criserin: &) geecoded
ko locstion [2,346 respandents eveluded
(55501}, &) borse bocarion within the air pellu-
tion medeling domaka—the South Coast Air
Bazin [4,491 respendents =d-duf (i1, I‘é]]

survey pmualyan + reridence 1o match the
imetrics wsed in the m.ammgml swdies
rhat we ueed to euimare THD fisks. We used
qmla] interpalation for the bas case beause
it can be used for all theee pollitans and is
easiby vranclerable 1o other ueban arcas.
Neighbortood watkability, We caloalired
theee buil ervironnest variables 1 smpreeny
reighborbood type: 4) populstion density,
§) incersection deasity, and ¢} land use mix.
Meighborhonds tkat were in the upper (lower}
contibe of dll three built enviconmient vasishles
were defined a1 high- aw-} walkabiliey

and ¢ complere &

lage. sex, wnd ethnicity; 3,532 respoedents
exchuded (§.7%)] The survey generally cow-
ered | weekday per participant, We multi-
plied exch parricipant's 1-day physical activity
recard by 7 1o ohesin an estimate of werkly
minutes of physical sctiviry, This approach
assumned that phyical activity was constant
scrom all days of the week. Papulation-averape
leveis of physical activity wese simitaz (< 15%
differsnce) berween weckdays and weekends
(11 vs. 12 enintday, respectively) based on dua
from a smal] number of respordents (13%,
whe participated tn s additionsl
arvey supplemens {see sensitlviny
analysis 1, below). The suevey secorded tossl

ds. This appssach classified
12% of the survey population as living in
a high- mnuhu.r, crighborhood snd 16%

auromobdle teavel {Holnclaw er al. 2002;
Marshall 2008) and trip length (Fsdng and
Cervern 2001], both of which ase prediciors of
icyeling 1ad walling (Fandy e o, 20020

Intersestion density. interseciion den-
siry was caboulated using read TIGER/Line
dum (US. Census Bureau 2000). A 1-km
an-fresway nerwork buffer was gencrated far
each household using ArcGIS {yersion: 531,
ESRI; Redlands, CA, USA), Interections
(more than two rosd segmenis) wese summ
within dhe buffer, yiclding a meatuie of swees
cornectiviry. Previoos smadies thaw that stroet
‘M\n“"\‘ll}' may raduce vehicls travel and

ercase walking (Fwing and Cervero 2001;
Foraeh . 2008).

Land use mix. Following Frank et al.
{2004}, we calewtated a larsd wse mibxindee for
cack houscheld location. Asrial lend wse das

wis obuined forn SCAG for the year 2001 .

(SCAG 2010). The index [see Supplenental
Macesial, pp. 2-3 (ot doi ogf1 0,128
whp 1103806)] ks 5 marmalized ratia of the
mix of four primary land wses {residencial,
. reeail, and inssisutional] e cond

as living in 4 kv
We used abjective mmuummu of the
built envirorment rather than geagraphical
avzrbips 1o march methods commenly waed
in the urban planning lirerarure. Although

no srandard measure of walkshility exires,
mest indice

include measares of density,
ond land wse mix (Ewing and
Cervero 2001}, As a sensicivicy analysis,
basedd on prior research (Marshall e al. 2009)
we impltmented a second d on that
lasificd 33% of sarvey par + in bigh
and 233 in Jow-walkabiliey meiphborkands
[for mebieds, see Suppl Mazerial p. 2

phyrical accivicy and separatey diagg
that woeal ingo sorive wanspost (e, w&.mg.
Bicycling) versus roceationa] activisics (2.
spoets, working ou: 3t a gym).

Cru primary estimates for air paLquon
L us

{hnp-/ids.dai orgl10.1 283 chp, 1103505)].
Resulis were similar for hath definitions:
sherefore, we repors results ustng the firs
d:ﬁm‘m only.

exposure
Envitonmental Protection Ag:ncv (ET'}\\
2010 for PMg 50 NO,, and Oy in 2001, We
3 Jated rions d.

ey, We used U5, Cenms
dasa from the yesr 2000 1o caleulase pepula-
tion densiny at the tract level for each bouschold
(U1, Cenens Bureau 2000). Fopalacion densiry
has boeen shewn 1o e a predicics of per capita

compaisan.

Compars gross

Figure 1. Concoptual framework for ‘thig rish assessmery Cwals ace ||um>, and bowes sre midpeinl cakty-
latians.
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land area withia the 1-k reewatk boffee.

The index ranges from 0 o 1: A valie of 1
pepresents an eyl mistare of the four lind
wses; & vadue of O indicates 100% of land b 2
single land use. Impacts of land use mix o6
health inctués reduzing abesity (Frank ecal.
2005) and increasing physeal assiviry (Saelens
eal. 20036).

Dirse- ¢ and relarive risk extimaies.
For rach survey parsicipant fic, at the
individual bevel), we estimated relstive ritks

(RR) ibunatie v casdoor 2k pallion und
phiical imacivicy for one Imporans beat
autcame: IHD. THD is conminendy msocised
with ousdoor air pollution and physical
inaceiviry (WHO 2000}, & sresponsible for
@ large proportion of deaths in the United
Seates (- 15% of ail deaths and 67% of hear
disease deachs in 2006) [Ceates for Disease
Corerol and Prevendion (CDC) 2000],
and has beer shown o be an imporant
health sutcome for both sisk faceors when
eomidering large-seale shifes 1o acrive wavel
(Woodzedk e al. 2009}, Becases owr expasure
egrirantes for alr pollusion are continuous, we
ercimated an AR for cach sarvey participant
based an 3 Hoear dose-respanse see
Supplemental Mareeia), Figure 52 (hrep//
dx.dobeorg!10.128Webp.1103805)] for the
range of obirved sif polucnt concentations
and the seferent exposuse levels deseribed
belaw. In contrase, WHO (2004) wggsim &
Giree-tier dose—response for physical acsiviee
a} acuive fexercise for > 150 minfweek;
RR = 1), é} insufbciendy acrive {enercise fat
1-150 minfweel; B = 1.51), 2nd ¢ Inacive
1D min extreise pes week: RR « 147), alowing.
for only theee passible physical acviy RRs
fior cach survey participans. We extimared

Erwirormendal Mealth Perspectives

aruribunahle fractions for ourdoor sie pothution
and physical feaciivicy using the meas

indieidsal RR in high- or Tow.vealkabilicy

.Mr pollution dase-response oel

eelghboshood in the sudy arca. Fack srvey
participant’s sir pollarion RR was estimaced
based on thr diffesence between their home-

were idemified and sdmcd as [nllaw;. Wz
manually searched the tables of contents of
[mr,numah (fewrnal of the Amevican Medical
Avecizrian, New England feurnal of Medicine,
Brisich Medical fowrnal, Lamcet) for the yean

2000-2000 For 3ir pollution risk estima
We also perforened 3 suich of key words
Google Scholar and IST Knowled

cstsse
widual wheae er.e xpasu
was 736 gl (10 m"m .bw e it

Sevel) woakd be assigned an RR.
P:;m‘muwnnhwmﬁ-lmm We
caleatated papulation-artributable faction
{PAF) and eamated anrbusble IHD moe-
l:.lry muaes for cach rirk Tacror iz high- and
Boods. PAT for 2

ing {in various combinations) “air pallution.”
o,mo,rm,,. .ad\:uu: heart disezse”

We used the “cired by” function in l.-mgk
Schalar to explose subsequent sadics relaced
o cach artiche. Theoagh this process, we idensic
fied 62 aricles. We then sdrcend studics that
focused on within-ciry varintion and included
THD as 2 bealth outcanse (Tabde 1)

Each RR for air pollstion was esdmared
fenrs cohorr studies of lanp-term exposupes;
bowever, these estmanes differed i imporsant
weaye. For comple. Nafimad o1 ol, (2004) snad
fed men 4049 Mnﬂ'w, meaning our NO,
results cannos be genenlized 1o ather popuh
sions [RR = 1.0 95% confidence interval
(CI: 106, 1.11]. Jesrer ex al. {2005) used a
sizhser of the Amesican Cancer Sochety (ACS)
cobort (Los Angeies, CA, USA) 1o estimare 3
wishin-city RR of 1.25 per 10 jg/m” increase
In Fidy 5 (95% Cle 0.99, 1.59). Jersetr o1 al
(2005) did not repart a sigaificant R, for
PMy 5 in Los Angeles, but the RR essimare is
raaghly consisent with mbrunm-rirywd—
fes that did report saissically : R
Pope ot al. {2004; RR = 1.18 per 10 pg/m®
increase in PMg 5 959 CI: 114, 1.23) snd
Jesrers et al. {2009; RR « 1.21; 95% CI:
116, 1,27). Toe Jerese e l. 2005) RR foc
& 10 pupim? inceease tn Oy (1.003; 95% CI:
1003, 1.013) was based on herwesn-chy nr's
C$ cohodl} in 96 U.S.

Mlghbo!l-ood was calculated based on

the proporion of individuals exposed to

each rik facenr and average RR among all

individaals in a neighborhood (Baker and
leuwenhudjsen 2008}

pR{RR~=1

BHE '[,,x[uk e

1]
Here, R is e mezn individual RR. in exh
thigh- and Jaw-walkability neighbar.

risk factor, and p is the proportian

of individuals exposed in rach greup (defined
by war referen: exposare fevels). We used the
2000-2001 age-adjusted IHD marealiey e
in Califorata (1912 THD deaths 100,000/
year CDC 2001} w estimaze dndxx witkin

Health impacts of the built envisenment '

imodeling spprasches for sir poliutian, znd
o} sepwise versus linear dose—response for

Tated o i i v e e o
physical activiry lpll{emmlnglnl Tivcrature
emgploys the metric “micues of physical actie-
ity per week” To rest the limicaors of this
eompolien fur

e assumption (Le., that fndividuals’ physical
activiy rates ave corstant by dayd, by employ-
ing two altemative assumptions: that pe
wha are noasedentary are physically acrive
@) overy ather day oo 8 every diird day. The
Moate Carlo simulazion disibutes ol min-
uees of physical aciivity accordingly, seratifying
by age, sex, and ethnielty. The resulring dismi-
brathons of physical activity better spproximare
natiomil estimates on the prevalonce of physi-
el inacriviry (WHO 2004).
‘Sensinivicy saalysi 2: air modd,
Our buse-case analysis used spatial iniespola-
vion of U5, EPA maciwring dasa, which are
readily available for all three pollusanss for
muany urban areas. We compared revults using
dispersion mode! [Compechensive
Au Qa-il:v Modd with Exenaioes (CAM:);

esch proup and sub ke D
wearmaliny s [amp\furNO, wheee we used
the THD mosalicy e for men in Californis
45-54 years afage: 81.9 THD dearka/1 00,0000
year). Asmributable mareality due w0 physical
inacriviey, Py, NO,, and Oy cannot be
sumaed bmux af wnfoud:u,g ameng the
risk factars rlap ik papul

nitrous oxide (MO),
nitrogen diowide (NDy), Oy) and Jand-use
regresion (LUR: NOy: Movetay er il 2011).
CAMx and LUR. provide greater sputial preci-
sion than inverse o weighting bet may
o may not be svallable n ciher urban aress.

. Sensitivity analysis 3; ?llplml

At
Therefore, we repon arrribustable monality due
10 the different faowas separaely,

We scpararely cabeulated PAF wsing 3
meetiod with multiple expasuee Ieveks bnscad
of tor dichocomous exposure levels impics in
Erquation 1, a described in the Supplemeacs]
Matecial [pp. 56 {huipidide dotargi 10,1289/
chp.1183806)] Resues based on s Siernaive
mekod d below,

seatistical aress geacraied from a one -pallut-
ant maddl, However, in is imponan: w nowe
that Jerrets et al. (2009) seposted a provective
effect for Oy based on 3 rwa-pollutam model
adjunted for PM; ¢ (RR » 0.97; 95% C1: 0.96,
0.99), and averall there is less evidence in the
lizeranare For Oy wsocarians with IHD com-
‘pared with those Far PMa.5. A within-cley study
af Oy and THD was not availsble.

“The refcrent exposure levels wsed 1w e
mate individuals” RRs were “uctive” for physi-
c inaciviy (» 150 min of moderze-igoros
aciiny per weekd, and the 10th percentils cf
expoture (survey popelation based; values:
13.6 pgim® for EMyy, 39.8 ppim? for MO,
503 pglE0.3 pgim? Tor Oy for aic pollation,
conatrnt with exposures in @ reladvely clean

&-Ml)‘m’m. Fnaplnutnhl.m'huﬁr
mess of cur estimates, we wsed thes sensitivity

o assess &) differeat methods of scal-
Ing reimuszs of physical activity, 8 abternace

Tabis 1. Susanary ol Al estimates uzed To- KD

ivil
‘e tested the sensiriviry of
aur sesuls d\& dasz-responiz carve for
physical inactivity, Owur bate case used the
stzpwise dose—response from WHO (2004)
(Table 1}. For dris sensitivity analysis, we gea-
erued thiee Hnews dosp-priponse aurves (low,
amediuen, and high slopes) bazed on the same
WHO walos.

Results

Annual-sversge air pollution cxposure
for the sutvey populusion sveraged
49 pglm® for NO, Jinterquartile range
(IQR), 41=60 pg/m®, 99 pg/m® for Oy

Sty . Risk facte Sndderals A [35% L)
Tatradnal it NG, Mﬂ;:mlﬂ*&vmmﬁ THE36, 1.07) pat 00
JemtetslIOS Pl Wilroeoty.seinetllos Angeles CA) 15003 1590 par 10 pie?

n.‘:.;c;um—m-imu itk
Jemet a0 O n:-wdu:.c.sm 10080 1.002. 1003 pae 10 pr®
WHO 24 Mesa-aralysic of 70 snufies e twe

antioants [Westen Fuoega, B Nom
A 12. bl - 327004 )

eulfierdy st
et 147 (1.398, 158

PAF pefities ol eatkasces wpec here ey vt oo lecgdaim coban stetins and chraris Beakh eflecs, Relen,
3 [ yionethy

Envirorenental Health Perspoctives + voumat 170 wunis 2| February 2002
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{B6=112 pg/m’; anaual aver
daily masimums), and 22 gl
§20-24 gt Table 2). Mean N
werr below cusrent ambient-al

[U.S. EPA and Californis Environmental

of 1-ke
lf‘fw PMy 5

GL14 Continued

'z 4
srandards

Table 2. escaiptive statistic s by nuighboehocd type [maan 1031}

Protecsion Agency (CalEPA) standards,
respectively: 100 snd 57 pglm Y. PMg
exposures 15 and

higher then U5, Erans yp’m’}aﬁdCllFPA
{12 pgim’} longterm staadards {anrual

2 timey

arithmetic mean), cespeccively (California Adr
Resources Hoard 2010).

Self.repened physical sceivity bevels aver-
aged 77 minfweek (JQR, 00 minfweck; ie.,
she 25¢h and 75ih values are O minfwesk;
Tablz 2), Most (83,5%) of the survey partici-
pants ceporred being inactive {0 minfweek),
3,68 reported being ineafficlendy active
(E=150 minfweek), and 10.9% reporied bring
active {> 150 minfweek; physical acivity sec-
emmendasicns; 1.5, Depanment of Health
and Hamman Services 19963, Activley bevels
wete natably lower than natianal sverapes
(ULE, averages: inactive, 209%; insufBclemly
acnive, 45%; active, 26%: WHO 2004)
Semsicivity soalysis | sdcresses chis diffevensce
y beoets.

N, and Phiy s cancentrations were high-
st near the dry coarer and major roadways,
wehereas Oy ooncentrarions wese higher in the

Iying arcss (Figare 21, Bocause of this

Al Lo vee'iabillty High welloability
Vsigle £ 53651 s 3545}
Agebeers B 4 7354 347
Tiarito | 9 Fe] 5
Bole 1% & ] £
e > §50,500 per year %1 “ 4 ]
Cufege or mone (%) 45 2 4
N, Ll ] 67 [50-54) 103 [E3-130}
Oy -1 11 =124 EG[E
Mswm’ ?’:bc—?s} PE[II—?SI nm—m E
] 3 -0 6 (001 in

I\pusw:.‘;unmrpms tract L0AN 17 H0-RA00 A H:L&)H_?m !»mn‘ S00-51.5000
{panpinl
Interaeciion densty (1 m petwork brdlerf 51D g2 163085114
Lavel us rin{1-4m netwark EuttesF 0371 0130023 QL3080 841

is - T Bave stanabosly signbein siMirences for il vaspkies
" Nome it iy e manam canectrions.

“This I3 c5e variable was uved to defies walkgsdy,

spasial panern, few locarinns espesienced ko
expasure 1o all three pallutanis, Spatial par-
terns for physical aciivity were dependeat o
the puspose of the activiy, there was no dis-
eeenable spatial patiem for rserewianal scrivi-
tier, bar active tanipea was clustered ness
high-walkabilicy meighborhoods (Figure 2).
Aversge per eapiea physical activiry was
50% igher in high- than in bow-valkabiliey
{102 vs. 68 min/
Flgute 3. The number of nonsedeatary
indivianh (peeple with » ¢ min/week
phyvical sctivity) was owes cimes bighes in high-
weens low-welks igh
sad 12.5%, respes

by
gie
e wem
@ 510

Figure 2

erd walkabdity was defingd using

L8 EPA manitarirg data,
blicty svailabie land ose variskies, fzons s hamspart end Fece-

ol that actity Type.
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o cesm

> 2k of e Y P mepared >

oLy 120 | mars 7

average physical mlmr, wat 24% lower in
high- thn b low-walkabilisy reighbochoods
(410 v3. 543 minfweekd, This finding sugge=ts
thay neighborhood type miy have differing
impacss on the number Urpoop'! panicipasing
im pliysical scriviles, o sciivity
amoap all individaals, mﬁ‘m physical
activity ameng nonisdemary incividualy,

The self-cepored purpose of physieal
scsiviry diffess by neighborhood {Figure 3).
For example, active transport aceounts for
shout half of physical scuviry In the high-
walkabiliy neighborhaods but aaly 20%
in Jow-walkability neighborhoods. Active
tcanspor is 3.6 simes hights in Bigh- veris
tow-walkability neighborhosds (2 finding
thar pardally comabarates our GIS estimates
of watkabiling), whereas nanuavel aerivicy is
simnih {c 108 diffcscce] in bow- vores high=
waliablliny meighborhoads. Asiviry level and
purpose exhibiced groaver weekend/weskdsy
differences in low-walkability areas than
in bigh-watiabilicy arcas [see Supplemental
Manerial, Tsble 52, Figure 54 (hupstide dai.
o/ 10.12851chg. 1 103806)),

Figare 4 shows extimated sncbutable THD
mortality rates for each neighborhood type

GL14 Continued

and cltk facrer. Physical inactivicy was mare
serongly amociated with THD moraling (51
additional deache! 1,000 vear overall] than
were dhe ocher expasar, but IHD monsliey
atcributable o physical inacivicy was only
slightly different berween high and low-
walkability neighborhoods {7 fewer JHD
deathsl100,0000year in bigh- v, low-salk-
abiliry), Canversely, overil, esimared arrrib-
utable THE morality due 10 exposure 1o
m,, ot smsler (30 damnunmm}

(ie-, thiiy In exposure and risk by neigabor-
Bood trpe) weoe sl where i was posiole 1>
compare [see Suppleeental Maseria, pp, 910
(huspotlcde.doi org/10. 12837ekp. 1 103806)]. Tn
generd, differences in entimazed IHD mortal-

try rates Berwesn high- and lowewalkability
reighbothaods wese larger when using the
alternate models; sherefore, base-case seruls
tepasied shove smay be conservative estimates
(e underestimaes) of air polhation spatial
variabiliry.

Sersitivity anely 5

IIIPJ“I}' langer than for physical imsevivicy i?
more THD dearhs 100,000 year in high- vs.
bow-walkabilic}, Oy shows the revers spatial
pattern as PM; 5 (ie, Oy expasure ie higher
in low-walksbility neighbartioods, whereas
Py s bs lower) but a smaller difference in
motality beoween neighborhonds (3 fewer
THD deashs'100,000/vear in bigh- vs. low-
walkabilicy). Auriturable THD mortalicy
rates for NO, (cepreented by risk estimates
for men 4049 yeart of age: not shown in

Figure 4) were 13 (28] D deaf 100,0000 )

year for low- (high.) walkability neighbor-
hoods. Auriburable risk estimates for physi-
il inactivity, PM;_, and Oy showed shnilar
pattesns when neighborhoods were elasified
accarding 1o deciles of walkability scores
[Supplemental Mazedial, Figuse 55 (hup:t)
dedoiag10.1 2689 ekp. 1103606]]
Semsitiviry analysis 1; seating method
for minuzer of physical activity. Results [see
Supplernental Maieril, pp. 8-9 (hpeiid doi.
org/10.128MWehp.1 103806)] indicsee that our
alreznacive sssumpebuns seduce the vasiabil-
ity In physical acivity anong neighborbeods,
Spn:l‘glnllr. she Monte Carla simultion
increases che share of nonsedentary individu-
als {rubsequently red average vitks from
physical inactiviey) b wlelds reduerions
in stimated THDY morakiny differcnca among
aclghboshucs. O care conclsions are siei.

reponse. Our rewals did not change appescis-

Health impacts of the built environment .

ot all pollusans {e.g, high eposare 10 Oy in
Tow-wallability neighborhoods ar high eapo-
sure ro PMy 5 In high-walksbility neighbar-
hoods). This trade-off suggests that the ner
bealth fmmpact of neighborhoods may depend
i pert oo spariad pascesny of air poliution
Recene health coavpasisons berween air
hution and exerclse (Carlile and Sharp 2001;
de Hanog er al. 2010) emphasiae e gresses
health m‘ﬁ::nnc of exercise relative w air
poliui pior research canaidered anly
whe escrcise (Carditle and Skarp 2007;
de Hastog et al. 2010); here, we aondd the

bly whers usicug the Hinmss dose
lsex Supplemantal Maerial, 10-11 ol
dedoiong/10. IZS'I%F.]'IO%] i
We also estmared RRs mo;dmg L
ighborhood eype (high- of | D
within straea of age (0-25 years, 26~50 yeas,
> 50 yeass) and according o income and sih-
amicicy (high income (> $75 000} and white
% lew income (< $35,004) and nonwhite).
The eesules reveal similar teends in disk dif
fercaces beeween neighborhoods for cach
strana, suggesting that oar sesults ase robuit to
accounting for diffceerees b inenane, edinie-
Iy, ard ape. Details are fn the Supplemental
Maserial [pp. 11-14, Table 56 (haupedfdc o,
org10.1280ehp. L LO3BOG)]. Prior literature
Farther explares socisoconomic sspecs of dhis
tapic (5., Ewing 2005; Fraek e al. 2007;
Sallis er ol. 2009,

Discussion

enti: phes seden-
cary individials. Ondy 3 abset of a givem popu-
lation iz physically aive, and ooly a subuet of

are of similsr magnkde for physical ipaccive
ity as dor air pollution. Crur resulty indseste 3
duubling in the share of w&dtnlw people
in bigh- vecam ity meighbochoosds
{24.9% vs, 12.5%); henwever, z.llmd.nnl’ul.
nactive and active—expenence changes in air
pollution exposures. Fos this snady population,
phyical aciiviry rares wese higher {and exsr.
ciseanmbusble IHD maeraliny sarss bewer) in
high- than in low-walkabilisy aeighborhoods.
However, breause variations in sis poliution
sk aze sirailar e vasiations in physical imsctiv-
ity sisks, when comparing high- versus low-
\n]labu'uy weighborhoads, health benefis
From, incresser physial activity may be offes

Char analysis b ight
hood variations in two ridk facion {expasare
w air pollution, physical inaciviry) wslng 5
time-actvity ravel disry for one segion, We
Joand rishs wers diferenial when satfied by
neighbushood walkabilicy. SpeciBeally, when
camparing estimated THD moralicy rates
amang seighborkoads, diffezences anrilur-
able e plm-u] inactivity wese modest and
bz i indi-

ler zmnng the Monee Carlo i
Searivivisy awaferir 2: air madel

Cenzral tendencier varied by pedfutant and
model: however, uends in the core conchusions

vidual air pol]unnu Because of spatial parerns
sssociaeed with each pelluan, urban tesdents
weze often highly exposed to st least one but

= FRre arise

Pt FEr

Figuie 3. Difturemces ameng neighborhoods. (4] Average acthve Banspeet minsses wadkig and bisyeing

per pariced and rec

tonal actvities, |51 Plrysical activity levels. The Betwaea naighbortcod diffecence

vy

Emvisonmental Hiealth Perspectives -

, tove-tailed rest).

wowset 120 | susenia 2| February 2002

by health risks it pollaian exposare,
Our study wses sl -qnnod rathe: thin
abjeaivzly measued

Flgere 4. Extiomated astributadie IHD mectaley rases
Far each vk luctur anc meightarhoad type, Ratas
woare cakeulated wikng means of individad RRs
and pravelence of sipasure witia srigiboriocd
wpu [re wrerl » 150 miafweek o mu ua‘mv

Hor PMys, 398 p/e fer KD, and 823
The overel inzidence ¢NI.:"D mm‘t:?::dw:
T3 181 doatha/ GHOCKy e (COT 2071)
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of reauks iy B oy with ragalis from the orasent smdy
Locaticn wy fara Ot rhssl
i r_nl'im_-""— mmﬁ“m' WD Onjestve. -day Viateat iy Sl o o ¥
.
; % el ook v ratsh nesghkorhonds -
Frani et 4 205 F-‘Il“l.ﬁk Db tive: 2 W T i
land useriz) ity
R lon-pualksdiny raighhorhood
Fotsythet o 2008 £ Paul NN Deucibeg: Tday i siw
. vt patreas phyicad a=tiving Drigh- v Vo aalkabi ity
mgumnmwm“ur.mm
: ; - o oty
Pogzart ety Socey Coast A Bazin LA Selfrepart cot-day tee o de
ety gy

wm;l?hld-mn fnmasticg
physical activity stennosaditiass)

differences in physical acthvicy by nelghbos-
hood rype {Frank et al. 2005; Sallis er 2l
2009}, 06 oae indicared shifis in the parpase
(transpon va. fitness) bun not che amount of
physical activity (Forsysh et al. 2008, These
Radings wepest that urban-scale diferences
i physical activiry races are similar berween
ohjectively measured physical aciviry and our
self-reported measures of acevity. For exam-
ple, differcnces in per capiea physicsd sctivity
besween high- and low-walkability reighbar-
hoods in Seattle, Washingion, asé Baltimor,
Maryland, were similar to diffesences in our
southesn Cilifoenia population [41 minfweek
{Sesere, Babismonc) vesaus 34 minfweck (south-
ern Califoria) (Sallis e al. 2009)].

Cur study limications inchude these
assnciated with travel sarveys and
pepasted information in geneeal, Fer examph
wravel surveys fypically undescount e by
all modes (Bricka and Bhar 2006), afft
entimazes of travel time (Walf ez al. 2003).
The SCAG survey rupgests that vehicle
undercount fates may approach 20-25%
but ghves lizele infoemation tegarding non-
muotosized rips (SCAG 2004). Undercount
rates ey be differential by wip leagth
2004), mede, ar neighbachood. Comparisons
with scudies using objoctively measured
physic] aiviy s picseding pasgeeg)
sugsas hatour core Budlings ¢ robutt 1o

p undercounting and othes problems with
elf-reponed wvel dats.

Qut work is motivared by the goal of
undersianding and designing clesn, healthy,
sustainable eitles (Giles ex al. 2011}, Our
Investigation explores only oae location (Los
Angel=s), ane health cutcome (IHD), ons
coberr, 2 small number of palluranss (NO,,
PMj 5. O, and physical Inacrivity. C|,..§,-
Farther analyses iscorporating other ¢
sort (e, nakis, eanspon mjn.rp}imhd [ dsc

pollution 3ad physical inactivicy. Our anabia
is descriptive (e., erons-sectional} in natute;
more rescarch is needed to explore causaliny
hetween urban form and lln-hl. sisks (aspe
cially for physical acriviry, because amblent als
pollution expasure is bargely derermined by
geogmaphical location).

Despiee these limitations, our
rebevant to bealeh officials, surainab
tists, and urbae planners. To cur knawledge,
ours is the first analysis tha disecrly comgrces
healths eisks for back air polbution and phys-
ieity among, neighborkoods based
ty patterns %w 2 randean sample of
raddemmmmtm area, and thuns is the fiess

quantify relacionships beoween veban foenr
and the bisitn wuuutph,,.cd sciivity soek
sit polluion, We found that sizeibures of the
buile environment were asociared with both
air pollution cxperure and phytical insesivity.
These resslts emphasizs that 1o be heakh pio-
wective, neighborhoods desipned 1o decease
wisks from one Facior must avoid unin
ally increaring ritks from other facons.

Conclusion

We compared the health inpaces aoribuse
abie 10 air pollution and paysical in
ity amang, neighbarhaods for one cahart
= 30,000 individuaks in Southern Califamia).
A ieper progenion of out Southem Califemia
snady papelation was chassificd 1s ponesdsneary
in high- versus Tow-walkabiliy neighbothosds
(25% s 1396}, Howewes, because only a simall
dhare of the roral population was dlssifed s
physicslly aceive, we estimaied anly modeae
differences in VHD monality mzes suchor
able to physical inactivicy besween neighber-
haod, rypes. Spatial parcerns of ectimated
ariburble THEY moality rses varied by pal-
tumne: estimated mortaliny dise o increased
PMa 5 3nd NO, were grescet in high- sun in

Heabill whiereas esti-

iea-

built are warrante
berwsen physical scriviey -na air pollation
rmay vary o4 an even emaller sealt than we
have investigated in the present stady fie.
within neigbethoods). Furure analyses could
se ape-tpecific risks of THD moralicy for air

252

e BHD morlicy due o incressed Oy was
presta in bowe than in high-walkabilicy negh-
Barhoods, I general, diffetences in estimased
1HD morwlity berwezn neighborhoods were
comparble for exposure to air pollusants and

phmnl imsctivigy, Our esubs SupgEst com-
plex withir-uban spasial tde-offy in beath
sisks ssocianed with aie pollusion and ghy
ead Inacaivivy. Effoars co design besithy neighe
Borhoods should aczount for many factom,
inchuding sis pollution and physical inseriviy,
and nar addoess
others
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Abstract

e, pravides the arigial werk i propedy cted.

There is growing evidence of a distinee set of £

ly-emimed air poliutants d

d from major

highways, motorways, and fresways that incude elevaved levels of uitrafine particulates (UFP), black
earbon (BC), oxides of nitragen (NOx), and carbon monoxide (CO). Peaple living or otherwise
spending substantial time within about 200 m of highways are exposed 1o these poliutants more so
than persons living at a greater distance, cven compared to living on busy urban sireews. Evidence
of the health harards of these pofutants arises from studies that assess prowximiry to highways,
actual exposure to the pellutants, or both. Taken as a whole, the health studies show elevated risk
for development of asthma and reduced lung function in chiléren wivo lve near major highways.
Studies of particulate matter (PM) that show associations with cardiac and pulmonary mortaliyy also
appear to indicate increasing risk as smader geographic areas are studed, sugpestng locakized
sources that likely include major highways. Although less work has tested the associatien borween
lung cancer and highways, the easting studies suggest an assocation 25 woall. While the evidence is
substantial for 2 link between near-highway exposures and adverse heakh cutecmes, corsiderable
work remains to understand the eeact nature and magnitude of the risks,

Background

Iy 11% of LS halde are located wi
wn meters of 4-lane hi fghways [esiimated using:
While it is clear that automobiles are significant sources ol
air poll the of Highway residents to
puiluumg in aJmnlulJllc exhaust has only Immt} brgun
1o be characterized. There are two main reasons for this:
[A) federal and state &l monivoring programs are typically
set up 1o measure pollutants at the regional, not local
scale; and (B) reglonal monitoring stations typically do
not measure 21l of the types of paliutants that are elevated
next o highways. [t is, therefore, cal to ask what is
known about near-highway exposures and their possible
health consequences,

Here we teview studies deserib
Higlvway air pollutants, and epidemiologic swdies of caz-
diac and pulmanary sutcomes as they relate to exposure
o these poll andjor proximity 1o high
Although some studies suggest that other health Jmnam
are alsn important {¢.g., birth cutcomes), we feel that the
! developed scien-
tifically and do rethave the same petential to deive public
policy at this ume. We did not seek to fully integrate the
eelevant cellular biology and toxleological lineratare,
except for 2 few key rzl‘emwes because they are 50 vast by
themselves.

Pege 1 0f12
(gt nember 01 o cilation prrpest)

BieMed Coit
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We stanted with studies thai we knew well and also
searched the engineering and lu:a[lll lmmue on
Medline. We were able to find i

Belp v ehjournal netfoortenl i3

amourts of polhmants in tailpipe emissions, Similarly,
i . fuel cher nistry, and meteornlcgy can
v impact rates 25 well as the

studies based on cltations in more recent armcles. We

kinds and concentrations of pelluiants present in the
hight

indude some studies that aszessed motor vehicle-related
pollutants ar central site monitors (ie., that did not mezs

e highway prosimity or iraffic) because we fezl that they
add to the plausibility of the associations seen in other
stuchies. The relatve emphasis given 1o studies was based
on our appraisal of the rigor of their methodology and the
significance of their findings, We condude with & sum

mary and with recommendations for policy and further
research.

Mater vehicle polivtion

It is well known that motor vehicle exhaust is 2 significant
source of air pollution. The mast widely teported polivt-
ams in vehicular exhacst indude carbon menoxide, nitro-
gen and sulfur oxides, unbursed hydrocarbons (from fuel
and crankease cil), pardculate matter, polyeyclic aromatic
hydrocaibons, and other arganic compaunds that derive
from: combustion [3-3) While much attention bhas
focused on the transpont and transformation of these pol-
lutanis in ambient air - panticutady in arcas where both
ambient paliutant concentrations and human exposures
are elevared {eg., congested cty centers, munnels, and
urkan canyons crested by 12l buildings), iess attention
has been given to measuring poliutants and exposures
near heavily-trafficked highways. Several lines of evidence
now suggest that steep gradients of certain poliutants exist
next 1o heavily traveled highways and that living within
these elevated pollution zones can have derimental

it should be noted that many different types of highways
have been swdied, ranging from California “freeways*
(defined as muli-lane, high-speed roadways with
restricted access) ta four-lene (two in cach direction), var-
iable-speed roadways with unresiricted access. There bs
constderable variation in the literamre in defining high-
ways and we choose 1o nclude studies in our review that
used a broad range of definitions (see Table 1}

1t shoutd alse be noted that these may be significant het
erogeneit the types and amounts of vehicles using
highways, The typical vehicle fleet in the LIS ia mmposl:d

nt. Thesefactors have rarely been
taken ;uw cons:rtmmm in health cwrcome studies of
near-highway exposure.

Based on our review of the literature, the pollutants that
have mos consistently been repored at elevated levels
near highways include ultrafine particles (UEP), black cr-
bon {BC). nitrogen oxides {NOx), and carlbon monoxide
{C0). In addidor, PM, .. and PM,, were measured in
mazny of the epidemiologic studies we reviewed LIFP are
defined as panticles having an aerodynamic diameter in
the range of 0.005 10 0.1 microns (um). LEP form by con-
densation of hot vapors in 1ailpipe emissions, and can
grow in size by coagulation. PM, ¢ and PM, refer to par-
ticulate myatt erodynamic diameters of 2.5 and 10
wm, respectively. BC (or "scat carbon®) Is an impure form
of elemental carbon ﬂlat has a graphite-like s Tucture. I is
the major light B of o aer-
osols, 'ﬂlew various constitnents can be measured in real
time o7 nea-resl time using pantide counters [LI!-I“J and
analyzers that measure light absorption (BC and CO),
chemilwminescence {NOix), and weight (M, g and PM )
Because UFF, NO,, BC, and CO derive from a common
source - \-rhimlm emissions - they are typically highly
inter-comelated.

Air pollutant gradients near highways
Sevezal recent studies have shown that sharp pellutant
gradients exist near highways. Shi et al. 6] measured UEP
numbet congentration and size distribution along a road.
way-to-urban-backgreund transect'in Birmingham [UK),
and found that pantide number concentrations decreased
nearly 5-fold within 30 m of a major roadway [~30.000
\.le’d] Similar observations were made by Zhu etal. [7.8]
i Los Angeles. Zhu ot al. measured wind speed and direc-
tion, twraffic volume, UFP number concenration and size
distribution as well 25 BC and OO0 along wransens down-
wind of @ highway that is dominaed by gascline vehicles
{Freeway @05; 13,500 vehicles per hour vehih) and a
highway that carrles 2 high percentage of diesel vehicles
[Freeway 710; 12,180 veh/h). Relative concentrations of
CO. BC, and toial paricle number concentration
d d falty between 17 and 150 m d

of passenger cars, spons utility vehicies,
pickup trucks, vans, buses, and smatl, medium. and | large
trucks, The composition and size of a fleet on a given
iug}may may vary depending on the time of day, day of
the week, and use restrictions for certaln dasses of vehi-

cles. Fleets may also vary in the average age and state of
repair of vehicles, the fractions of vehicles that bum diesel
and gasoline, and the fraction of vehides that have cata-
Iytic converters. These factors will influence the kinds and

wind frem the highways, while at 300 m UFP numl
concentrations were the same as at upwind sites. An
increase in the relative concentrations of larger particles
and concomitant decexse in smaller panicies was also
observed along the transects (see Figure 1), Similar obser-
vations were made by Zhang e1 al. [9] who demonstrated
“road-to-ambient” evelution of particle number distribu-
tions near highways 405 and 710 in both winter and sum-
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Tabbe 1: Sumenary of near-bighway pollution gradients

hitp i, ehioumal netioententis/ 23

4 Pallution

Intenal  PoButarts m b

“Citation Loszation “Higlw)\y i
o Gradinnts
Shi eral 1999 (6) Birmnghem, UK 33,000 vebee LIFP & FP (10 [0% i) 2-108m
Zhu ot ol 2002 (8) Lot Angeles, Freswny 710 12160 vetvh VR CO, BT V=300 m*
Zhva et 2l 2002 (7) Les Angeler Frasway 405 13,900 vetvh PR €O, BT 36-300 m*
Hizehing etk 2002 {1 1) Beibane {Pete) 2,130-3400 vehih UFF 4 FP (152 % 10 am), 15375 m ¢
Pl
Fischer exal 2000 (13) Ammardam CAOCO-3NITEwhld M, PHL PPAH VO MA
ReardaKnaps sel 1998 Metheriands B0,000-152000 vehdd  Phyy. My, BC, VOCs, 15-330 m+
o4 y
Janssen o al. 3689 {15) Meahartands 40,000-172.000 vehie FHy3. YOCs, MO, <400 m e
Bristane (Aust-] A s

Morawaka eral 1959 {12)

18210 m <

A5 defined mn wrokch
HUFP = uhakine particles; FP = fine parricles; PM,

fred (vehid = vericles per day; veh'h = vehicles per hour), .
= pardicles with serodynamic diamater £ 2.8 umg FM,, = partices with serodyramic damater £

10 urms B = black carbecs PPAH = pastich-bound polytpohe o

WOCS = weltie srgank compoands

“Pofiutine measurements were made sbong 4 tramect sway fram the e iway

NA = et apphicable; messurements wers noureds

mer. Zhang et al. observed that berween 30-90 m
downwind of the highways, particles grew larger than

compounds), and panticle-bound polyopdic aromatic
drccarbons (PPAH] = liave bee i i

0.01 um due 10 white at di =90 m,
there was both continued paride growth (to =0.1 wm) s
well as particle shrinkage to <0.01 um due 1o evaporation.
Because condensation, evaporation, and dilution alter
size distribution and particle compasition, freshly-emit.
tedd UFP near highways may differ in chemical composi-

ed road . Fischer et af. [13] measused
25 PM g PPAH, and VOO concentrations outside and
inside hames on streess with high and low waffic volumes
in Amsterdam [<3.000-30,974 vehfd). In this study,
PPAH and VOCs were measured 1 methads based en
und that while PM, .
were not specific indicators

tion from UFP that has underge I
L ion during POTT G

p oo
|10},

Two studies in Brisbane (Australia) highlight the impor-
tance of wind speed and direction as well as contributions
of poll from nearky road in tracking hig
generated pollutant gradiams. Hitchins et al. [11] meas-
ured the mass concenimations of 0.1-10 wn particles as
well as worzl particle number cong t and size disuri-
bution for 0.015-0.7 um pasticles near highways {2,130-
3,400 vehyh). Hitchens et al. observed that the distance
from highways a1 which number and mass concentrations
decreased by 50% varted from 100 0 375 m depending
on the wind speed and direction. Morawska et al. [12]
measured the changes in UFP number concentations
along horizontal and vertical transects near highways 1o
distinguish highway and normal stee waffic contribu-
tions. It was observed that UFP number concentrations
were highest <15 m from highways, while 15-200 w from
highways there was no s ant difference in UFP
aumber ions along either | ! orvertical
transects - presumably due 1o mixing of highway poliut-
ants with emissions from vallic on nearby, local road-
weays.

In addition ta UFP, other pollutants - such as PM,s
P, MO, (ninogen dioxide), VOUs (volatile organic

of waffc related air pollution, PPAH and VOC levels were
~2-fold higher both indoor and cutdoor in hiph wraffic
areas compared 10 low waffic areas. Roorda-Knape e1 al
[14] measured P 5, PM, o, black smoke (which is similar
e in residential areas <300 m
from highways [80.000-152.000 vehfd) in the Mether-
lands. Black smoke was mezsured by a refleciznce-based
method using filtered particles, benzene was measured
using a method hased on gas chromatography. Roorda-
Knape et at reported that outdoor condentrations of black
smoke and NO, decreased with distance from highueays,
while PM, 5, PMg and benzene concenuations did not
change with distance. In addition, Roorda-Knape et al.
found that indoor hlack smoke concentrations were corme
lated with truck traffic, and NO, was comelated with bath
traffic volume and disiance from highways. Janssen et al
[15] stucied PM; .. PM, 5, benzene, and black smoke in 24
schools in the Netherlands and found that PM,; and
black smoke increased with truck walfic and decreased
with distance from highways (40,000~ 170,000 velyd).

In summary, the literature shows that UFP, BC, CO and
MO are elevated near highways (30,000 veb/d), and
that other pollutants incuding VOCs and PPAK: may
also be elevated. Thus, people living withi
highways are likely w0 receive much higher exposure 10
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Figure |
Ulrafine particle size discribution {top panel) and normalized particle nurmber cancentration for differant sze ranges (hottom
panel} as a function of distance from a highway in Los Angeles. From Zhu ee i, (8). Reprinced with permission from Elsevier.
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wraffic-related air polhoants compared 10 residents living
>200 m (+/- 50 m) from highways.

Cardiovascular health and trofficrelazed pollution
Results from clinical, epidemiclogical, and animal studies
are converging to indicate that short-term and long-term
exposures 1o traffic-related pollution, especially paniou-
lates, have adverse cardiovascular effects | 16-18]. Most of
thise stedies have focused on, andfor demonstrated the
strongest associations berween cardiovascutar health
comes and particulates by weight or number concentra-
tioms [19-21] though CO, S0y, NO,, and BC have also
been examined. BC has been shown to be assodiated with
decreases in heart rate varabilicy (HRV} [22.23] and black
smoke and NO, shewn 10 be associsted with cardiopul-
menary monality {24

Shortterm exposure 1o fine particulate pollution exacer-
bates existing pulmonary and cadiovascular disease and
longerm repeated exposures increases the risk of crdio-
vascular disease and death [25,26]

Thaough not focused on near-highway pollution, twe large
prospective cohor studies, the Six-Cities Study [27] and
the Amencan Cancer Society (ACS) Study (28] provided
the groundwerk for later research on fine parthculates and
cardiovascular disease. Both of these sidies found assodi
ations between increased levels of exposure to ambient
P and sulfate air pollution recorded at cemiral ity mon-
itors and annual average mortality from cardiopulmonary
disease, which at the time combined cardiovascular and
pulmonary disease other tian lusg cancer. The Six-Cities
Swidy examined PM, . and PM g5 The ACS study exam-
lned PM 5 5. Relative riskratios ot’monsll.ly from cardiop-
disease comp the highest
and lowest fine particle concentrations {which had differ-
ences of 24.5 and 18,6 ug/m? respectively) were 1.37
(1.1%, L.68) and 1.31 {1.17, LA46] in the Six Ciies and

hipifwww.chjoumal.neticontantGi 23

altered by waffcrelaed pollutams particularly in older
pecpie and people with heant disease [22,23,32). With
decreased heart rate varizhility as the adverse outcome,
negative associaticns bepween HRY and particulates were
strongest for the smallest size fraction swdied [33)
(PME3-1.0) [34] (PMO.O2-1). In two studies that
included other pollutants, black carbon, an indicator of
traffic particles, also elicited a srong associmtion with
both time and frequency domain HRY variables: essocia-
tions were also strong for PM2.5 for both dme and fre
quency HRV variables in the Adar et al study {[23]; this
and subsequent near highway studies are summarized in
Table 2], however, FM2.5 was not associated with fre-
quency demain vaizbles in the Schwanz et al. swdy [22].

Several studies show that exposure to PAM varies spatially
within a city [35:37]. and finer spatial analyses show
higher rsks o individuals living in close proximity 1o
heavily waificked roads [18,37). A 2007 paper from the
woman's' Health Initiative used data from 573 Py,
monitors to follow over 65,000 women prospectively
They reponed very high hazard ratios for cardiovascular
events (1.76; 95% Cl, 1.25 to 2.47) possibly due to the
fine grain of exposure monitoring [18]. In contrast, sted-
ies that telied on central monitors [27,28] or interpola-
tions ﬁ e central monitoss t highweys e prane 1o

misc because individuals living
1.]052 10 highways will have a higher exposure than the
general area. A possible concem with this interpretation is
that social gradients may also sincate poorer neighbor-
hoods with potentizlly more suscepiible populations
closer to highways |38-40}.

Ata finer grain, Hoek et al. [24] estimated home exposure
to nitogen diogide (NO,) and black smoke for about
5,000 participants in the Nethedands Cohor Smidy on
Diet and Cancer. Modeled exposure ook into considera-
tion prmulluly Iofleeu avs and main roads (IDOm and S0

ACH smudies, respectively. These analyses lled for
many cenfounders, including smolting and gas stoves but
not other housiag conditions or time spent ai b
studies were subject 1o intensive replication,

Agency
[17, ?9] et singe d-al time studies have shown elevated
health risks due to long-term exposures to the 1997 PM
threshold concentrations [73,30f

Much of the cp;dwrmlng..m research has focused on
assessing the early 1 wsh

fluctuanons in air pollution in on‘!cr 10 understand how
these exposures may alter cardiovascular risk profites and
exacerbate cardiovasculaz disease [31]. Heart rate variabil-
ity, 2 risk factor for future cardlovasular outcomes, is

m, ard Was a0
ated with hodl mod.clzd levels of pollutants and living
near a major raad with associations less swong for back-
ground levels of both palluants. A case-control study
4 5% increase in acute myocardial infarction
with living within 100 m of major roadways. A
recent analysis of cohont data found that traffic density
was 2 predictor of moztality more so than was ambient air
pollution [42] Ther is a need forstudies thar assess expo
suse 21 these sczles, e.g, immediate vicinity of highways,
to test whether cardiac risk increases still more at even
smaller scales,

Although we cannot review it in full here, we note that evi-
dence beyond the epidemiclogical literature suppor the
coptention that PM, ; and UFP {a sub-fraction of PM,; ¢}
have adverse cardiovascular effects [16,17]. PM; s appears
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o be a risk factor for cardiovascular disease via mecha-
nisems that likely include pulmonary and systemic inflam-
mation, acceleiated atherosclerosis and ahered cardiac
autonormic funcion [17.22,43.46). Uptake of parices or
particle constitsents in the blood can affect the auto-
nomic contral of the heart and circulatory system. Black
smoke, a large proportion of which is derived from
mabile source emissions |30], has a high pulmenary dep-
n efficiency, and due 1o their surface area-1o-velume

inflammatory respoases are induced, compared 10 other
particles [10]. Chronically elevated UFP levels such as
those to which residents living near heavily tafficied
roadways are likely exposed can lead to longterm or
repeated increases in systemic inflammation that promate
aneriosclerosis [18,29,34,37]

Asthma and highway expomures
Evidence that mear highway exposures present elevated

can cany relatively more adsorbed and .|
towic air pollutants (e g, PPAH) compared to larger parti-
cles |17.47,48]. Based on high paricle numbess, high
lung deposition efficiency and surface chemisuy, LFP
may provide a greater potential than PM; ¢ for inducing
inflarmmation [10]. UFFs have high cytotoxic reactive ooy-
pen species (ROS) activity, through which numerous

risk ks v well developed with mespeat to child
asthma studies. These studies have evolved over time with
the use of different methodologies Studies that used
larger geogsaphic frames and/or averall wraffic in the vidn-
ity of the home ot schoal [49-52] or that used self-repont
of traffic intensity [53] found no association, with asthmaz
prevalence. Most weent child asthma studies have,
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instead, used i ingly nareow defi J
no traffic, including air iori deling) znd have
focused on major highways instead ol‘ sln:e( 1ra’ﬁﬁc [34-

http:ifwww.ehjoumnal netfeantentSiiz

tistical power to delect association of asthma with high-
WAY EXPOSUTES,

58], All of these studies have found

associations between the provalence of asth
fig, and living very close w high volume vel
Confounders considered included housing conditions
(pests, pets, gas stoves, water damage), exposure 1o
tobacco smoke, various measures of socioeconomic status
(SES), ape, sex, and atopy, albeit self-reporied and not all
in a single study.

Multiple stucies have found girls 1o be at greater risk than
boys for asthma rtesulting from  highway exposure
[55.57.60). A recent study also repons elevated risk only
for children who moved next 1w the highway before they
weere 2 years of age, suggesting that early childhood expe-
sure may be ey [57]. The combined evidence suggests
that living within 100 meters of major highways is a risk
factor, although smaller distances may also result in
graded increases in tisk. The neglect of wind direction and
the absence of air monitoring from some studies are nota
ble missing factors. Additionally. recent concemns have
been raised that geocoding (ataching a physical location
1o addresses) could imroduce bies due to inacoumcy
locations j61].

Studies that cely on generel area monitoring of ambient
P m and assess regional pollution on a scale orders
of magnitude geeater than the near-roadway gradients
have also found associations between traffic generated
pollution (CO and X0Ox) and prevalence of asthma [52]
or hospital admission for asthma [63]. Lweguga-Mukasa
et al. {64] manitored air up and down wind of a majer
motor vehicle bridge complex in Buffalo, NY and found
that LiFP were higher downwind, drepping off with dis-
tance, Their statistical models did not, however, suppont
an association of UFP with asthma. A study in the San
Francisco Bay Area measured PM; o, BC and MOy over sev-
eral months next to schools and found both higher polla-
tion levels downwind fiom highways and a linear
association of BG with asthma in long-term residents [60].

Cauderman ot al. {65) measured NO, next to homes of
208 children. They found an edds ratio (OR) of 1.83 (con-
fidence interval (C1): 1.04-3.22} for ourdoor NO; (prob-
ably a surrogate for wtal highway pellution) and lifetime
diagnosis of asthma. They also found a similar association
with distance from wsidence 1o freeway. Self-report was
used to contrel for numerous confounders, incuding
tobacco smoke, SES, gas stoves, mildew, water damage,
cockroaches and pets which did not substantially affect
the association. Canderman’s study suggests that ambient
air menitoring at the residence substantally increases sta-

of el I carbon 1o traffic near
roadways based on arnbient air monitoring of P, g has
recenty emerged as a viable approach and a study using
this method found an assaciation with infant wheezing.
The mncc!cd values appear 1o be bener prediciors than
ion of idence relative to waffic was
also an imponant factor in this stedy [66]. A 2007 paper
red on modeled MO, P ; and soot and the associ-
ation of these values with asthma and various respiratory
symploms in the Netherlands [67], While finding modest
statistically significant associations for asthma and symp-
toms, it is somewhat surprising that they found stronger
associstions for development of sensitization 10 food
allergens.

Pediatric lung function and traffic-related air pelfution
Studies of association of children's lung function with
waffic pollutants have used a variery of measuras of expo
sure, including: traffic density, distance to rosdways, area
{city] monitors, moenitoring at the home or school and
persomal monitodng. Stodies have assessed both chronic
effects en lung development and acute effeas and have
been both caoes-sectional md Lq'\g.nuduml TM wide
range of approach of
the literature.

Traffic density in school districts in Munbch was assoc!
with deaeases in forced vital capacity (FVC), forced expir-
atory volume in 1 second (FEV,), FEVI/FVC and other

although the 2.kl [km) azeas, the use of
siuing position for spirometry and preblems with ansla.
rion for non-German children were limitations |68].
Brunekreef ef al, [89] used distance from major roadways,
considered wind direction and measured black smoke
and NO2 inside schools. They found the larges: decre-
ments in lung funclion in girls living within 300 m of the
roadways,

A longitedinal study of children (average age a1 stant = 10
years) in Southern Califomia reported results at 4 [70]
and & years [71]. Multiple air pellutants were measured at
sihwes i 12 communities, Due 10 substantial attrition. only
4294 of children enrolled at the stan were available for the
B.year follow-up. Substansally lower growth in FEV, was
associated with Py NOy. PM, ¢ acid vapor and elemen-

2007, it was reported from this same cohort that living
within 300 m of a freeway was reported to be associated
with reduced lung function 173}

PageTeof12
{oage number not for ckaticn pupeses)

GL14 Continued

Environmental Health 2007, 623

A Dutch study [74] measured PM; 5 MOy, benzene and
EC for one vear at 24 schools located within 400 m of
major roadways. While associations were seen betwesn
symptoms and wuck wraffic and measured poliutants,
there was no significant association between any of the
envirenmental measures and FVC < 85% or FEV, < ES%L_
Restricting the analysis 1o children living within 500 m of
highways generally increased ORs.

Personal exposure monitoring of MO, as a surogate for
1ol traffic pollutznts with 298 Korcan college students
found swaistically significant asodalons with FEV,,

FEV/FVC, and forced expiratory volume bzlwzn 2‘: ;md

tpeftaeow shjournal neticontentiSni2s

A case control study of residents of Stockholin, Sweden
modeled traffic-related NO2 bevels at theis homes over 30
years and found that the sirongest assodiation invelved a
20 year latency periodd |86]. Another case control study
drawn from the Puropwean Prospective i an
Caneer and Nutrition found statistically significamly ele-
wated ORts for lung ancer with proximity to heavy traffic
(>10,000 cars per day) as well as for NO; and PM, at
nearby ambient monitoring stations |57). Mafstad e al.
|E8] used modeled NO, and SO, concentrations at the
homes of over 16,000 men in Oslo 1o test associations
with lung cancer incidence, The models induded traffic
uud pon-! SOUICES. m study found small, bun suatistically

75% (FEV;5 ;.. but not with FYC The
regression mnde] presented suggests that FEVq_; was the
cuteome measure that mast cleacly showed an effect |75]
Cross-sectional sudies of children in Korea [76] and
France [77] also indicate that lung functron is diminished
in assodation with area pollutants that largely derive from
wzalfic.

Time series studies suggest there are also acute effecs. A
study of 19 astiunatic children measured PM via person-
ally earied monitors. at homes and ar ceneral site moni-
tors. The study found deficits in FEV, that were associated
with b, although many sources besides raffic con
uted to exposure. In addition, the results supgest that ab
ity 10 see associations with health oulcomes improves at
finer scate of monitoring [78]. PM was associated with
reduced FEV, and FVC in only the asthmatic subset of chil-
dren in a Seaule sndy [79]. Studies have alse seen assod-
ations between PM and self reported peak flow
measurements [30,81] and asthmatic symptoms [82].

Cancer and near highway exposures

A noted above, both the Six-Cities Study [27] and the
Americen Cancer Socicty (ACS) Swdy [28] found associa-
tions between PM and lung cancer. Follow-up studies
using the ACS cohart [29.37] and the Six-Studies cohort
[#3] tha1 comrolled for smoling and viher rsk factors
also demonstrated significant assodztons between '
and lung cancer. The origloal swdizs were subject 10
intensive replication, validation, and re-analysis which
confirmed the original findings [84].

The ASHMOC study [83] wes designed to look specifically
at lung cancer and air pollution among Seventh-day
Adventists in California, taking advantage of their low
smoking rates. Air pollution was interpolated to centroids
of 2ip codes from ambient air moniroring stations. High-
way proximity was not considered. The study found asso-
ciations with ozope (its pnmary pollutant of
consideration}, PM10 and 502, Notably, these are not the
pollutants that would be expecied 1o be substantially ele-
vated immediately adjacent to highways.

between NOCy and lung eancer.
Problems that run through all these swudies are weak
measures of exposure o secondhand tobacco smoke, the
use of main roads mther than highways as the exposure
graup and modeled rather than measured air polluams

A swedy of regional pollution in Japan and a case control
sudy of more localized pollution in a town in haly alse
found associations belween NGy and lung cancer and PM
and lung cancer [£2.50], On the other hand, a study that
calculated $1Rs for specific cancers across lower and higher
traffic intensity feumd lide evidence of an assadation
with a tange of cancers [91].

The plausibility of near-highway pollution cavsing lung
cancer is bolstered by the presence of known carcinogens
in diesel P, The US EPA has concluded after reviewing
the liwzature that dizsel exh::w E

genic 10 humans by i
of UFP and DNA damage adds cmdlbmry o an associa-
tion with cancer [93]. This study had participants bicycle
in traffic in Copenhagen and measured personal exposure
w0 UFP and DNA oxidation and strand breaks in mononu-
cleer blood cells. Bicyding in waffic increased UFP expo-
sure and oxidative damage to DNA. thus demonstrating
an assoclation hemween DNA damage and UF? exposure
in vive,

Policy ond research recommendations
Based on the Iim-zmne reviewed a'bow it is plausible that
di of nen 1o high carry elevated
health risks thal may be larger than the risks of general
area ambient pollutants, While the evidence is considera-
ble, it is notoverwhelming and is weak in some areas, The
sirongest evidence comes from studies of deselopment of
ashma and reduction of lung function during childhood,
while the studies of cardiac health risk require extrapaota-
tion from area stdies of smaller and larger gmgmphjc
scales and i logy lab
tions. The lung cances studies, because they include pq.
Tetanits such as Oy that are not locally concenirated, are
not particulacly strong, in terms of the case for near-high-
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way risk. There is a reed for lung cancer research that uses
snajor highwavs rather than heavily waificked roads as the
environmental EXpOsHe.

While more studies of asthma and lung functien in chil-
dren are needed 1o confirm existing findings, especially
studies that Integrate exposure at school, home and dur-
ing commuting, to refine our knowledge about the assock-
ation, we would point 1o the greater need for swdies of
cardiac health and lung cancer and their associat
near highway exposures as the primary research areas
needing to be developed. Many of 1he sudies of Ph and
cardiac or pulmanary health have focused on monaliry.
Mear highway monality swdies may be possible, but
would be lengthy if they were initiated as prospective
eohorts. Other possibilities include rewrospective case con-
trol studies of monality, coss sectional surdies or pro-
spective studies that have end points short of mor
such as biological markers of disease. For all health cn:l
points there is a need [Ul studies that adequately address
the passille of SES with prosdmity to high-
ways, Thee is good reason 1o think I!\al pmpeny values
decline neas highways and that control for SES by, for
example, income, may be inadequate.

Because of the incomplete development of the sclence
regarding the health risks of near highway exposures and
the high cost and implication of at least some possible
changes in planning and development, policy decisions
are complicsted. The State of California fas lagely pro-
hibited siting of schools within 500 feet of freeways {58
352; approved by the governor Octobes 2, 2003). Perhaps
this Is 2 viable model for other states ot for natienal-level
response. As it is the only sudh law of which we are aware,
here may be other approaches that will be and should be
tried. One limitation of the California approach is thai it
does nothing 1o address the population alveady exposed
at schiools cumrently cited near freeways and does not
address residence near freeways.

Conclusion

The most prible (and leoked) popul. inthe
135 subject to serious health effects fmm alr ]Juﬁu fon may
e those wha Live very near majos regional wansporation
route, especially highways. Palicies that have been tech.
rology based and regional jn orientation do not effi-
dently address the very large expasure and health
gradients sulfesed by these populations. This is problem:
atic because even regions that EPA has deemed to be in
regional PM “atainmen:” still include very large numbers
of near highway residents who cumently are not protected.
“There is a need for moze research, but alsa a need 12 begin
1o explace policy options that would protect the exposed
population

s chjournal 123

Abbreviations
UFT « uhra fine partides

B = black carbon

NO; = nitropen dioxide

N = axides of nitrogen

CO = carbon menowide

PM = panticulate matter

Py = particulate matter less than 2.5 um

Pid, = particulate matter less than 10 um

PPAH = paricle bound pelysromatic hydrocarbons
EC = glemental carbor

VOC = volatile organic compounds

50, = sulfur diovide

ACS

merican Cancer Society

SES = spcipeconomic status

EPA = Environmental Prateaion Agency
OR = adds ratio

FEV, = forced expiratony volume in 1 sccond

EEW,/BVC = ratio of FEV, and forced wital capacity

FEVy5 55 = [oiced expitatery voluine between 25 and 75
FVC = forced vital capacity

ug/m? = micrograms per cubic meter of aic

m = meters

um = micrometers

veh(d = vehicles per day

wehfh = vehicles per hour
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Articles I

Effect of exposure to traffic on lung development from 10 to

18 years of age: a cohort study

W james Gauderman, it Vesa, Rob MzConngll Kiros Baviane, Frank Gitfend, Duncon Theres, Fraf oo, Pdvard Aot Moo Eunek,

Mchae! Jerrett, faho Peters

Summary

Background Whether loml exposure to major roadways adversely affects hungfunctinn growth during the period of
rapid lung development that takes place between 10 and 18 years of age is unknown. This

association between residential exposure o traflic snd S-year ung-function growth.

Methods Tn this prospective gbudy, 3677 children (mean age 10 years [SD 0. 447 participated from 12 southern
California communities that represent 3 wide range in regional air quality, Children were followed \.p for N )\urs

with yearly hunp-function measurements recorded, For each child, we identified several i
analysis was used

study investigated the

Lasort 2608383
Deparimsatal Frovertive
Madbiir, Lorvmsity of
Sactbare ooy,

3440 Alrmae S, Seita 130,
Lsu Angeles, 430033, L8,
v L, Hra i,

expasure to traffic From brge rosde

was agpociated with Jocal traiic npowlr'e and whether local traffic effects

Findings Childran wha Hved within 500 m of a freeway fmatorway) had substantial deficits in S-year growth of forced
expiratory volune in 15 (FEV,, -81 mil, p=0-61 [95% T 143 10 <147 and madmum midexpicatory fow rate (MMEF,
=127 mljs, pel-03 243 1o 10}, compared with children whe lived st least 1500 m from 2 frecway. Joint modeds
showed that both local expasure to freeways and regional air pelhntion had detrimental, and independert, effects en

Tung-function growth. Pronsunced deficits in attsined long furction at age 16 years were recorded for those living

within 506 m of a freeway, with mean percent-predicted 97056 for FEV, (pe0-013, relative to >350Hm [953% CF
B4 6-50 - 4) and 93 4% For MMEF (ped 006 [95% C1 85.1-92.7)).

Irtespretation Lacal expasire to traffic on a freeway has adverse effects on children's lung development, which are
independent of regional sir quality, and which could result in important deficits in attained Jung function in bier life.

Introduction
Both cross-sectional™ and longimdinal®?® snadiez have
shawn that lung functon in children is adversely affected

Ty exposice 1o urban, regiomal air poduth
ernerped that local exposure to traf]
respizatory effects in chiddren, indudi
of asthma and ofher respiratory diseases™* Cross
sectional studies in Europe hawe shown that dedicies in
lung fumetion are telated to residential exposure ta
traffic. B However, does traffic expagurs hava an adverse
effed on lung-fundion devclopment in children? The
answer to this guestion is importact in vicw of tie eatent
of wafe exposure in wrbml environments and the
blishied relation bet inished lung function in
adulttood and merbidity and muortalite ™
We investigated the association hetween resdential
exposure to traffic and $-yvar Jung-function development
on the basis of cobort data frorm the Children's Feald
Study, We also studied the joint effects of local traffic
exposure and segional #ix quility en childrens lung
development.

Methads

Parthipants

The Children's Health Study tecruited two cohonts of
fourtiegrade children {mesn ape W years [SD 0-44], one
i 19973 leohort 3. na1718) and the other in 1996 (oohart 2,
=195%). All chiléren wers recmited from schools in

i thelancer ooy el 368

12 souther: Califomia communities as part of an
imwestigation inte the rtenin effects of sir pollution
an children's respiratery haalth™ ™ A consistent protocol
was used in all comum schoals, and all
smadents targeted for study were invited to participate.®
Overall, 82% (3677) of available sradents agresd to
participate.  Pulmonaryfunciion data wese ebtzined
yearly by trained feld tecbnicians, whe travelled 1o stady
schwols ta undertake maxiomm sfforr spirametry an the
children, using the same equipment and testing protocal
used throughout the study period. Detsils of the testing
protocel have been previously seported.” Children in
Lath cobarts wers followsd up for & years,
A baseline questionnaire, completed at study entry by
each child's parent or lagal guardian, was used to abtsin
information en tace, Hispanic ethnic crigin, pasentat
income and eduction, history of dodordisgnosed
agthima, in-uters exposure 10 matermal smoking, and
¥ halé exp @ pets, and e
tabacea smoke® A yeuly questionnaire, with similar
structure to that of the baseline questionnaize, was uesd
to wpdste information on asthma status, persomal
smsking, and sxpasure to environmental hacco smoke,
Fur sutistical modelling, a thres-category sociceconomic
stahzs variable was created on the basis of total househald
incorme and edueation of the parent ar guardizn thar
commpleted the questionnaire. High sociveconornic status
(23% of children, n=823) was defined as a pavental

i KheraneEhd,
ik, Ws—fnfgmmi: m!unuﬁlm:hun r-ﬁru:r;nn
Auality. ot et
Pl Pty W Seneers
Tochaei gty bac . Ptabs,
h Mgs LA

v ticacia Mhdlea €
Eohar Algusder, B2, 38008
Ratustonna, Spai {H i 0
andDvidken of Emsnsereatl
Haath somanca, schzcd of
Pl aadtn, ey o
Ealtatrin, Berkley. EA $4T10-
FIEQ, LSA (M jenen FHDY
Cmegedenca b
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income greater than USS100008 per year, ot an income
oves US$15000 per year and at lzast € years of college
education. The middle catsgory (36%, nelfl) bxcluded
childran with a parental income berween US$I5000 and
US$100000 and some (less than 4 years) college ar
technical schoal education, and low socioecoronic siatus
4156, n=1483) inclhuded all remaining childzen,

The swudy protocal was approved by the instnitonal
veview board for human studics at the University of
Seathern California, and written oomsent was provided
Try & parent or legal guardian for every study participant.

Exposure Data
W characterised expasure of svery study pasticipant to

indicator in our models, For distance (o the freeway, we
farmed four categories—less than 500 m, 500-1004 m.
1030-1500 1, and maore than 1560 m. Distances 1o nan-
Treevay major rouds were sirnilacly categorised baved on
distances of 75 m, 150 m, and 300 m. Mode-based
eriznates of polltion from freeways and non-freeways
were calegorised into quaniles oa the basis of their
respective  dismitutons  {see  webappendig.  The

categorizaion diganess for all waffic mdicatoes were
fixed before any ealih anilyzes were done. Traffic effects
are 1o

wiwd as the difference in S-year growth foo sach

least exposed category, 5o
estimates signify reduced lung-functisn growth
oz valuss with increased expasure.

dmd el ululs two tpes el
nce to the mearest freeway

of o the nearest
Yased estimates of teaffcrelated air po'lunon at the
reridence, derived fom  dispersion  models Ut
incorporated distance 1o rn..’wa;: wehicle courns, vehicde

and | condittons® Regional
air pallution was continuously menitored at ane sentral
site location within each study commmunity over the
course of the investigation. Further details of exposure
assemsment zve available in the webappendin

Statistical methods

The cutcame dita consisted of 22686 pulmorary-
fumction tests recorded froan 3677 participauts during
§ years in hath cohasts, We focesed on theee pedmonary-
furction measures: foresd vital capacity (FVC), foreed
expiratary volume in 1 8 [FEV) and maxmum
midexptratory Aow rate (MMEF, also kucwn as
The exposures of primary interest were the
meagures described above.

We uged 3 hierarchicil mived-cifects model 1o relats &
year growth in each hung-fanction measure to traffic
exposuze, with basic structure that has been previausly
described.” To account for tie growth patten in hung
function during this pericd, we used a linear spline
medel™ constructed so that Syear growth in ling
funetion was estnuted joindy with other model
pazarnsters. We estimated and tested the effect of traffic
eposuse on Sgear growth, and in some analyses oa
mesn vahies at 1 and 18 years of age, The model allewed
for sepatate growth curves for each sex, race, cthnic
origin, cobort, and baveline-asthma subgroup. The mode]
also inclided adjusmments for height, beight squared,
body-mass index (BMI), BMI squared, present asthma
status, eacrcise or resphratocy Einees on the day of the
test, any tobasea smoking by the child in the previous
year, and indicator variables for field techmician. Random
effects for the intercept and Syear growth parameters
were inchuded at the level of participant and community.

T keep the potential effect of outliers to 3 minimum
and to examine pessible nondinesr exposureresponse
relations, we used cstegorical forms of each traffic

W alse {aint of maffic «ffects
the communlty and  poliution  betwern
communitics, which was based on the long tzom average
pallutant concentrations messured st the contral sites
(see webappendix). Pollutant effects are reported as the
diference in $-year growth in lung fanclion fram the
least to the mest polluted coo mity, with regative
differences indleating growth cits with increased
expoaure, Possible modificstion of 3 trafic effect by
comEmty-average ambient polhitant concenimation was
terted by inclusion of the appropriate interaction term in
the model,

To evamine attvined hmg function, we computed
percent-predieted lung function fer participants who
wire insasured in 12th grade, our tast year of fallow-up
{n=1457, mean age 17-9 pears, [SD=t-21]) To esamate
peedicted PEV, values, we first fitted a regression model
for observed FEV, flog transfarmed) with prediciors log
Neight, BMI, BMI squared, gex, asthma status, race o7
ethnic ovigin, Gedd techinkzian, and sex-by-log Lelght, sex-
by-BMIL sex-by-BMI quared, sex-by-asthma, and seeby-
race orethnic ocigin interactions. We caleubited predicted
FEV, on the Dasis of this model and percera-predicted as
ohserved divided by aredicted FEV,. We used & regressicn
medel 10 cabebite the mean percent-predicted value for

Jl-cmcsoxy of distance to the freeway, with adjustment
for To sid in we saaled
percent-predicted values =0 thar children who lived
Furthest {=1500 ) Fon a freeway bed & mean of WO
and we give means for the remaining distance groups
relative to this benchmark. Aralogous calmlations were
1=ed 1o obtain the percentpredicied mean for FYC and
MMEF.

Regression procedures in SAS (verston 2.0 were ueed
10 fi all meodels. Associations denoted as significarnt were
those with a pvahue less than §- 65, asswming a two-sided
alternative hypotkesls.

Role of the funding source

The funding sources of this smady had no role in the
study design, collection, analysis, or interpretation af
data, in t3e writing of the sepoct, or in the dedision to
submit the paper for publication. The cosresponding
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development in children. We did oot ficd any evidence
that traffic effects varied depending on background air
quality, which suggests that swen in an area with low
regional pollution, children living near o major roadway
are at increased risk of health effests, Our resulis also
suggest that children wha live cloge to 3 freeway in a
high pellution rea saperiense 2 combination of adverae
developmental effects because of bathlocal and regional
poliution.

We rioted 2 larger freeway effact in beye than in girls,
although the difference between sexes wis notsignificant.
By contrast, a cross-sectional European stedy” reported
Larger traffic effects on hing Function in gide than In
boys” Several factoes could explain this discrepaucy in
sexspecific effects berwsen studics, framn differences in
specifiz air pallution - nummar.dlmdeﬂnnsp:lpwwm
susceptibiliies, 1o the general dilfeulty of

PO
Lt

. e paiis
o
AWE s

Proceot prociiind o age 1 yean

20001400 5301000
irtangana ey for)

between longinedinal and eross-sedicnal sudy effect

1308

estimates. In genertd, however, both smidies show that
1 s0n in clsibdres b1 ad affected by exp
1o traffie.

The eanceztrations of several politans ave raized near
major freeways. Daplime concentations of black carbon,
lr.mﬁ:u- particalate, and otwer exhaust pal.h.u.ﬁs have

pocted (o be high, but declize
S0 mofa I‘wr." ‘akhough night Lme mm.mm
of ubwaine p 1 remain abave b
cavicentrations for distances greater than 300 ny o a
freeway® Soane studies have reported increased traffic
pollution. particudardy nitcogen dicxide, at distances ever
000 m from a freeway ™= Elemental carbon, an indicator
of palhation fromn dieved exhaust, varies with nearby high-
traffic voads™™™ but can ales be trinsported across large
distances” Diesel exbaust s ome of the primary
1o particul; in theae
communities moat affected by trafic’ A palhtans such
a8 clemental carbon could expliin our reparted health
effects both locally and zegionally.

Both reglons] ambient and ultafine particulate matter
present in high concentration in close proodmily to
roadways can elicit exidative and ritrosative stress in the
sirways, which results in inflammation, ™" Eulkarmi and

3 crted Yoar el

was correlited with the ameount of Grbon in the aisway
rmactophiages of children, which in ham wae assaciated
with reductions in FEY, MMEF, and FVC. Chionic
abrway inflanumation cowld produce ooz reported deficits
increased MMEF and FEV, Additional research is
ed bo identafy the specific Waffic pollutants that bring
about hezlth effests, and to elucidate the contnbution of
exch pollutant 1 regional and lacal associations.

A strength of this stady was the long-term. prospeciive
fellow-up of two lazge cohonis of children, with expasure
and outcerne data obtained consistently. However, as in
any epidemiological stady, cur resubs could be
confunded by ane or mese ether fictors related 1o both
traffic and hung-function growth. Our results were robust

wewetheiment com Vel 362

rveral factors, inchudi) i i

status and indoor sources of ait ;u]nhm. but the
possibility of confounding by cther factors sl exdets.
Thrughout the Byear fallowap, we noted around an
1% loss of study perticipans per year Participant
attrition is 3 potential source of bias in cohort shudies. We
analysed the subset af children who wete followed up fo:
the full -year dumtion of the study md alsa. nomd
significant ~effect estimates, whick ;
Toss an ur.ilhely -rpln:t n lnr our 1huh3 aid not
ificant d raodel
Based polluton from 2 I‘m:m)\. cespm Rarge nlim:led
r]_'fuu in the tﬂghn wrnsunc guartiles uah]e n
Hewever, we an
with medel-bassd pallution from fresways becaues 4
wasg linle variation in thir messure within mest of eur
study communities jwebtsble 2).

We have shown that residential distance from a fresway
£s asgociated with significant deficis in S-year respiratory
growth, which resull o irapoctant deficts in hmg
functien at age 18 years. This study sdids 1o evidence daat
the present regulztary emphass o regional air quality
might need to be mudified to inch:de consideration of
Toeal \'amron in air pol!uuoﬂ In many urban areas

viis ia Forcing 1 ion of housing
tracts and schoals neac to sy madways, with the resu
that many children live and amtend achool in cioge
proximity 1o major sources of gir pollution. ta view of
the itude of the d efects and o
af fung function as 3 determinant of adult merlidiey and
martality, reduction of exposwe to traficrelated air
pollutants could lead o substantial publiches
benefits.
Contitnton
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Webappendix E

Effect of exposure to traffic on lung development from 10 to 18 years of age: a cohort study

Details of exposure assessment

“Traffic exposures were assigned to each child on the basis
of the residence at shdy entry, Residence addresses were
standardized and taeir ocations geocoded by use of the
TeleAtlas database and software (Tele Atias Inc., Menlo
Park, CA, wamenatsicatizs.com), We used ERST ArcGIS
version 8.3 (ESRI, Redland, CA www.esri.com) softwire
to calculate the distance frem each residence 1o the
nearest freewsy, defined a5 an inerstate freeway, US
highway, ar resiricted-access highway, and ta the nearest
major aondceeway soad, which inciuded other types of
ighways and luge roads. Yearly average daily waffc

momitering data from 199410 2003, Each staion measured  Covessondersnts:

aversge hourly conentrations of ozone, nimogen dievids,

2K ames Gaberean

and particulate matier with asrodymunsc dinmeier Jesg I

than 10 pm (PMJ). Swtiens alse collecled 2-week
integrated filter sarnples for measuring acid vapou_- and
PM,, mass and chentistry. Add vapour inchaded Lot
Enarganie (nitrie, lpdrechloric) and organic ffoami .Lcuc;
arids. For statistical analysis, we used tota) acd caloulated
asthe sum of nitrie, formie, and aoetic acid concentrations.
Hydrachlorie acid waz evcluded from this sum, because
concentrations were very low snd cose to the detection
lemit. fn additon @ measurEment nf PM,, mass, we

rearured d I carbon ind

volumas were nbl
of T i

System for the year in model-based

; fcrelaied pollution exposurs, we used

c-gource airguality dispersion model,

pul genensty,
metearological conditions fwird spead and dic
atmospheric stability, and mixicg heights), and vehicle
emission rates, We used the CA model to predict
nitrogen dioxide concentrations derived from fn
and nen-freeways at each child's hame. Categen
exposure were then formed on the Lasis

predictions, specifically based om cutpaints 0-6, 1-, and
71 pans per billion [ppb) from frecways, and 1-5, 2-6,
and 5.3 ppir feom non-freeway rozds. We aleo used the
CALINE4 model to predict concentrations ol nther traffic.

Jated pell iaselnidi ih mitrogen, u:m'!uu]

carban, and carban monadde. However, j5

carbon, using the NIOSH 3040 rethod? We r.I.:u. ted
yearly averages oa thebasis ol 24h [PM, nitrogen dinxide)
or bweek (PM,,. elemental carbon, organic carban, acid)
average contentradons. For ezore, we caloulated the
vearly averzge of the 1000-1300 k (8 h dayrime] eerage,
Lang-tam roean pallubimt contentrations (between 1994
and 2000 for cobaet 1 and 1998 and 2003 far cobort 2) were
also ealoulated for use in the statistical analysic of the
lupg functon aulsomss. rribution snd corelztion
srucure

expaszre b0 irvestgate ther combined effects and to
explors the pe: by that brafhe effects vary according to
repiomal air quality.

dispeniion Eaode! fae predicting ois

Fferascr
Beziten . CAUN
polb centratians mras wadwips. Sacramento: Calliommia

each of these pollutants were almost perfectly corzelated
{around 6-99) with predicticns of nittogen dioxide,
Thuee, cur medetbased concentrations shauld be viewsd
a5 general measwres of waffic-related pollution rather
than this pollutint specifically. For both distamce and
:r.mle! based traffic  indicators, within-community
iing mean of

from the

L 1983
1 WesH -nmodsmim,(nv:h.qm-ul Cocbon [Dimel
Fuhaust] -n Muarl Nlm 'IcfilWJu Metieds. Cineinnati,
Chl: Hasa omal Safery and Healéa, 1599,
Gauder: _:m:‘l.l " CJ.u\d Foetal Association beteeen
- furzchens gromt ) sesthern Califarcia
chikinea A ] Fisp 7k Care b -
4 Gauderman W, Gililland F, Voo
palbubion avd beng,

seuckeen Cuieenia o

& ity Tesuits from & sscensd spir Crit Care Med 0O 466
the indicater were used in the hiealth reededs to assess T4,
lacal (rather thar between-community) effects. 5 Gaudermao W hi‘ffvﬁh':i T;--C '}'ﬂ!r: A_:;'-' w;w
. . " at oo 10 ko W yours of sge. 1 Mes 10
Adrpoliution ul_mms were hed in WL 1T
eachofthe 12 smdy dp
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GL15

RECENED
(EQ OFFIGE

July 18, 2012

" . L 1s plita
Qrange County Transportation Authority S
clo Paul Glaab, Chalr, Board of Directors C. By
550 5. Main Street LoseCr  thad

Orange, CA 92863-1584 \.amf*
e

\=}
[

Subject: 1-405 Widening Project
Dear Chairperson Glaab:

The City of Seal Beach recognizes the fact that Orange County has a world class network of
infrastructure and freeways. The quality of this system Is responsible in large part by the vater’s approval
of Measure M and the Orarge Counly Transportation Authority's abliity to successfully manage this
program. The 1405 Freeway is a concern of the voter's and is in need of improvement. It is extremely
difficult to manage the Measure M program and in particular this 1-405 Improvement project with
competing interests and concerns from every agency and resident.

The City of Seal Beach does have concems over the pmjact Seal Bemh appreciates the efforts that
OCTA has made to work with our staff and resk ver the ives listed in
the Environmental Impact Report/Environmental Irnpact Statement (ElR.fEIS) Solutions to alleviate
those concems have to this point not been reached and the Cily of Seal Beach is compelled to
communicate with OCTA, prior to the closure of the comment pericd of the EIRVEIS document.

d by residents of Seal Beach are: '

The main p

1. Retention of existing College Park East sound wall in the current location;

2. Passible relocation of 2 gas/petroleum pipelines through College Park East;

3. Creation of a toll road (Alternative 3);

4. Increased traffic congestion along the 405 freeway, including northbound bolllenecks resulting
from required lanes merging before the LA County line;

5. Air quality and public health concerns

In August of 2009 the Notice of Intent/Notice of Preparation (NOUNOP) was Issued announcing

commencement of the project. Seal Beach has been actively participating in the project he\dng

reprasentation on both the Technical Advisory Commiltee and the Policy Advisory Committes th h

the Major Invesiment Study phase. The NOINOP stated that four ‘build' alternatives would be

considered in the EIR/EIS. As Indicated therein, within the confines of available Measure M/IM2 funding,

Alternative 4: Locallzed Impmvemsnls would provide an additional General Purpose (GP) lane at
and |

various P certain ir In addition, the NOPFNOI and accompanying
scoping notices stated that a “Transportat Demand
Management/Mass Transit (TSM/TDI Translt) i wuuld be ined in the EIR/EIS.

That additional altarnative would involve | | rather than major capital
projects and include auxiliary lanes, ramp metering, rfdesharrng and haﬂic signal timing optimization.

N

/

GL15 Continued

Orange County Transportation Authority
Two

July 16, 2012

Those two notices announced altematives are not adeq d in the EIREIS. Without these )
aliernatives, the project’s "stakeholders™ are deprived the oppoflunity to review the environmental impact
and submit comments under the California Environmental Quality Act (CEQA) and National
Environmental Protection Act (NEPA). In lieu of the presentation of & reasonable range of altornatives

designed to foster-public dialogue and discourse, the EIR/EIS is limited to a discussion of only three > 2

“build” alternatives comprizing nothing more than minor variations to what amounts as the same project.
A substantially broader array of Iternati design i and op ara not
considered. As such, for those and other reasons (e.g., lack of effective I'nlligaﬂan) the current EIR/EIS
is inadequate and fails to comply the statutory intent and purpose.

<

By examining only a short segment of the freeway and i ing the cor of those ad
conditions, substantive issues afiecting Seal Beach are all but Igrmmd Nnong its purposes, CEQA and
NEPA are intended to foster inf i decision making. A dated to take the most

environmentally sensilive course of action bul are required to first be Mly informed about the cholces

they elect to make. The deficiencies of the existing EIR/EIS are so substantial as to prevent the City > 3

from wing the of the three “build™ altematives on both the natural and human

environment, ensuring its constituents that the project’s impacts are effectively mitigated, and allowing

ma City to support one course of action over another. The EIR/EIS document needs to be revised
with the required additional alt ives and analysis to be a legally adequate assessment. <

The Cily of Seal Beach appreciates working with OCTA and Caltrans regarding the concemns over this
project, and requests that the partnership continue. Seal Beach's concerns as detailed within this letter
will not be resolved without the continued effort to partner on the project.

Declaramn of a formal posilion by the City of Seal Beach is premature and remains dependent upon the > 4

of an review. In order to preserve its legal remedies, however, the
C.'Ityr ot Seal Beach will formally respond to Caltrans before July 17, 2012, Despite this inadequacy, as
Mayor, | am writing on behalf of the City Council and Seal Beach 1o oppose Alternatives 2 and 3. Seal
Beach takes very seriously these concems and is considering all options towards having those concerns
addressed including cutright opposition to the project. _

If there are any questions please call 562.431.2527 ext. 1300.

Sinceraly,

Michael Levilt
Mayor
City of Seal Baach

cc: OCTA Board
Will Kempton, CEO
California State Senator Tom Harman
California State Senator Lou Corea
California State Assembly Jose Solario
California State Assembly Jim Silva
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City of Westminster

§200 Westminster Boulevard, Westminster, Ch 92683 714.898.3311

W W, WesIminsler-ca.00v
MARGIE L. RICE
Mayar
i TA
Thursday, July 12, 2012 Mayor Pra Tem
FRANK G. FRY
Council Membar
Smita Deshpande ARDY QUACH
Branch Chief - Caltrans District 12 Council Member
2201 Dupont Drive, Suite 200
Irvine, CA 92612 TYLER DiFP
Council Member
RE: Cltv of Westminster's Comments tn Draft 1-405 Implmfement Project
E I Impact Stat t/Envi | Impact Report (EIS/EIR) J..M.IT[ﬂﬁl HaLLe
City Manoger

Dear Ms. Deshpande:

On behalf of the Westminster City Council, | would like to present you with cemments to the Draft 1-405
Improvement Project EIS/EIR.

We appreciate your effort in the 1-405 Improvement Project and need your assistance in mitigating
potential impacts to residents and businesses in our City. Please receive these comments to the Draft
EIS/EIR. Take note that it is our goal to preserve quality of life for our residents and continue to

p te a busi friendly fi during and after the construction of the project. Since the

release of the Draft EIS/EIR, we have been in contact with OCTA in an effort to mitigate major areas of
concern in our City, We would like the following to be entered into public record as formal comments to
the Draft EIS/EIR:

Impact: The proposed bridge reconstruction at this location has created grade differentials that require
that ramps be installed to facilitate the transition from street elevation to private property elevation.
This will impact the on-site parking and traffic circulation.

GL16 Continued

private properly and city right-af-way is proposed for the east side of Gold Street. For p
at this location, the current design would impact 35 parking spaces, a sidewalk and a parkway, all in the
City of Westminster, with zero property impacts on the west side of the street in Huntington Beach
right-of-way. We request that the design team take a more balanced approach to right-of-way
acquisition b the Cities of i and Huntington Beach.

0l 3- e o the Cit

The City would like surplus property, not used for the project and deemed unusable by the State, te be
vacated to the City to enhance areas impacted by the project. For example, the reconstruction of the
immediately behind the commercial develo at 15042 Gold, Street.  This commercial

N

southbound 1-405 on-ramp [east of Goldenwest Street) will result in an wnused section of land
development is regularly parked over capacity due to the successful businesses on site [El Torito and
HOP retail ial, etc.). Vacating the excess land would facilitate a parking lot
expansion that would benefit the businesses and the City.

= I te 405 Southbound O, Rt We:

The south leg of the subject intersection connects the 1-405 ramp and Westminster Mall Road to Bolsa
Avenue. The local connector Is a one-way street without ADA compliant pedestrian facilities. It has the
potential to provide congestion relief to the intersection of Goldenwest Street and Bolsa Avenue. We
ask that the design team work with city staff to improve the connector as an access to Bolsa Avenue
from the freeway and enhance pedestrian safety.

Comment 5 - Bolso Avenue West of Goldenwest Street

Impact: The proposed bridge reconstruction at this location requires that the vertical elevation
transitions be extended further than they are today. The transition to the west of the Bolsa Bridge, per
the Draft EIR, would result in the removal of 20 parking spaces at 100 Westminster Mall (Sears Auto

Center). > 5
Mitigation: Work with city staff to revise the roadway alignment on Bolsa Avenue west of Goldenwest
Street. We request that the design team take a more balanced approach to right-of-way acquisition and
cnrmder all pcsslble methaods of limiting property impacts. These methods include, but are not limited

to, ¥ i duced width travel lanes, etc. D,
Comment 6 - Sound Wall Instaliation and Replacement
\

The City requests that a more balanced and fair approach to sound wall installation and replacement be

Mitigation: Work with city staff to revise on-site circulation for more effective traffic flow. Consider 1 cansidered by the design team. The current sound wall section of the Draft EIS/EIR does not accurately
relocating the Springdale Avenue driveway to align with the new signalized Springdale Avenue Off-Ramp address the issue of aging sound walls that are in necd n'f fEpaN and!gr _som:;d walls t_h“ WEEE ':‘ot
for improved site access. property constructed in the first place. It presents very strict and u_nrealustu: criteria for implementing
sound mitigation. We ask that additional analysis be performed during the design phase of the project > 6
Comment 2 - Goldenwest/Bolsa Bridge Crossings that considers other sound wall installation measures outside the current criteria. For example, sound
walls that were not properly constructed need to be reconstructed to the latest standards. Sound wall
Impact: The proposed bridge reconstruction at this location has resulted in the redesign of the concerns that have previously been reported to Caltrans must be revisited as part of this project and be
northbound Goldenwest Street approach at Bolsa Avenue; a dedicated right-turn lane is proposed and considered for reconstruction on a case by case basis.
necessary to maintain acceptable traffic signal operations and satisfy forecast traffic demand.
Mitigation: Work with city staff to revise the roadway ali t for Gold Street at Bolsa Avenue, 2 The project team (OCTA, Caltrans and Parsons) have been very helpl‘ul and accnmmndathg to the City of
The proposed intersection capacity improvement is impactful to the City of Westminster only. A loss of Westminster. However, overcoming the chall as outlined in the afi will 7
require even more collaboration. We suppurl the 1-405 imp: t Project as lined in the
[-405 IMPROVEMENT PROJECT R1-GL-297 March 2015
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Renewed Measure M; the project will improve the 1-405 freeway for the benefit of County. However,

the Westminster City Council and | take the concerns listed in this letter very seriously. We reserve the

right to mitigate unknown issues that may arise after the inception of the “design-build” phase of the

project implementation. The City will consider all build options, with the exception of Alternative 3. 7
This option is unacceptable to Westminster residents, and will create a toll/express facility that will

restrict access to our business community.

Respectfully Yours, &'gpdj

MARGIE L. RISE
MAYOR

I-405 IMPROVEMENT PROJECT
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RESPONSE TO GOVERNMENT (LOCAL) COMMENTS (GL)

Response to Comment Letter GL1

Comment GL1-1

Caltrans and OCTA thank the City of Costa Mesa for participating in the environmental process
for the 1-405 Improvement Project. The City’s comments were considered during identification
of the Preferred Alternative as described in the Final EIR/EIS. The City will be notified when the
Final EIR/EIS is available for review.

Your comment letter contained many exhibits, including a letter from Mayor Bever to Paul
Glaab. That letter contains information in summary form more fully elucidated in your comment
letter. Consequently, that letter has not received separate responses.

Your comment letter also contained many e-mails from residents. All of those e-mails were sent
prior to circulation of the Draft EIR/EIS and consequently cannot be comments on the Draft
EIR/EIS. Consequently, those e-mails have not been responded to.

The Draft EIR/EIS and this Final EIR/EIS were prepared by Caltrans and OCTA’s consultant.
Caltrans has a multilevel rigorous independent review process that is completed independently at
the District and Headquarters Levels. Additionally, the document has been through an
independent legal review prior to releasing the Draft EIR/EIS and has gone through a legal
sufficiency review prior to certifying the Final EIR/EIS. Detailed requirements of the
independent review process are provided on the Caltrans SER Web site, which is continually
updated to reflect changes in environmental regulations and/or Caltrans policies. Caltrans
maintains records of their compliance with the 5-step review, which documents the independent
review by technical specialists and senior environmental planners, headquarters staff, and
Caltrans Legal.

As disclosed in Section 3.2.6.3 of the Draft EIR/EIS, at the time the Draft EIR/EIS was
circulated to the public, the project description in the RTP/FTIP included a design concept and
scope for Alternative 1; however, the design concept and scope for Alternatives 2 and 3, as
described in Chapter 2, were substantially different from what was analyzed in the 2008 RTP.
OCTA, not Caltrans, initiated the change in the project description shown in Attachment A of the
comment letter. All alternatives were represented equally in the Draft EIR/EIS, and there is no
proclivity toward any of the build alternatives. Alternatives 2 and 3 are required to go through
the SCAG RTP and FTIP amendment process prior to being able to determine consistency with
the plans; however, the regional operational emissions analysis was completed for all alternatives
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and would be less than the no-build conditions in years 2020 and 2040. The amendment process
is required to be completed prior to approval of the Final EIR/EIS. The Preferred Alternative
identified in the Final EIR/EIS is consistent with the description in the 2012 RTP and FTIP.

Comment GL1-2

The Draft EIR/EIS, including specialized technical studies (all technical studies are available for
review on the Caltrans D12 Web site at http://www.dot.ca.gov/dist12/405/index.htm#Technical),
represents a comprehensive analysis of the reasonably foreseeable environmental effects of the
proposed build alternatives on the Human (Section 3.1), Physical (Section 3.2), and Biological
(Section 3.3) environments. Where applicable, the Final EIR/EIS has been revised/updated to
clarify/correct information based on the public comments received on the Draft EIR/EIS. As
described in the Draft EIR/EIS, only Alternative 3 would require demolition/reconstruction of
the Fairview Road Overcrossing and Harbor Boulevard southbound loop on-ramp. Should
Alternative 3 be identified as the Preferred Alternative, Caltrans/OCTA will continue to work
with the City to minimize project effects on the City and its residents.

Please also see Common Response —Preferred Alternative Identification.

Construction Impacts: Construction impacts are discussed in detail, based on the preliminary
engineering and analysis for all of the build alternatives. Construction impacts are discussed for
all of the build alternatives in every section, as applicable, within the environmental
consequences subsection as temporary impacts. Caltrans and OCTA have evaluated options to
minimize project effects from Alternative 3 on the City, including revised project geometrics to
avoid reconstruction of the Fairview Road Overcrossing or truncating the project to modify the
southern project limits to begin north of Fairview Road. Project construction impacts are typical
of large construction projects, and other than those impacts that were identified as significant in
Chapter 4 of the Draft and Final EIR/EIS, no other significant impacts were identified.

Ramp Closures: A ramp closure study was prepared for the project in accordance with the
Caltrans Project Development Procedures Manual and was provided in “Appendix C Ramp
Closure Study” of the Community Impact Assessment. Proposed detour routes associated with
the long-term ramp closures (i.e., ramps closed at least 10 consecutive days) were provided in the
Draft EIR/EIS Appendix M, Proposed Ramp Closure Detour Routes. Caltrans and OCTA will
continue to work with all affected cities to minimize construction closures/impacts on special
events and venues, including the OC Fair & Event Center. Although the contractor may not be
working during holidays, it is not likely that all ramps within the corridor will be available
during the holiday seasons. Caltrans and OCTA will continue to work with the City to
minimize/coordinate closure of ramps during the holiday seasons.
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